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ABSTRACT
The Effects On Student’s Personality Preferences
From Participation In Odyssey Of The Mind
Scott A. Warner
The problem for the research was to determine what effects participation in the
OM program had on the development of personality preferences in elementary school
children. The purposes of the research were to: (1) provide research data to teachers
that justifies the use of teaching strategies to meet the needs of students toward the
development of their personality preferences, and (2) provide research data toward
further investigation of inventive personality characteristics and the programs that
encourage their growth and development.
The subjects for the study were selected from students in grades 3 to 5 at two
elementary schools within the State of Indiana. The test subjects had to have
participated in OM as a part of an extracurricular, voluntary program. Their non-OM
classmates were used as the control group. The test instrument that was used to
measure personality preferences was the Murphy-Meisgeier Type Indicator for
Children (MMTIC). The comparative measures of the results of the MMTIC between
the OM students and their non-OM counterparts were based on: (1) population
distribution of the 16 personality types, and (2) the personality preference intensity
measurements.
The results of the research were inconclusive. Limiting factors, such as
participation levels and the homogeneity of the populations that participated, produced
data that was open to a variety of interpretations.
The analysis of the population distributions, using a chi-square distribution,
found that the first null hypothesis should be rejected and that there were differences
in the population distributions.
The second and third null hypotheses investigated questions of preference
intensity through the use of a one-way analysis of variance [ANOVA].
The second hypothesis examined the intensity levels of personality preferences
between the OM population and the non-OM population. This null hypothesis was
accepted since no statistical difference could be found between the two populations.
The third null hypothesis examined the intensity levels of personality
preferences within the OM population but across the three grade levels. This null
hypothesis was also accepted since no statistical difference could be found across the
grades.
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CHAPTER I
Introduction
Nature of the Problem
The total dependence that modern humankind has on the development and use
of technical means has resulted in an increasing need to nurture the inventive spirit
(Rossman, 1964; Skromme, 1989; Torrance, 1992; Weiner, 1993 ). Throughout all of
human history some manifestation of the inventive spirit has been responsible for the
development of culture and the technical artifacts that fill our world. The very existence
of civilization itself is an end product of the process of invention (Birdsall & Cipolla,
1979; Cardwell, 1995; de Camp, 1963; Forbes, 1967; Rossman, 1964; Schick & Toth,
1993; Weiner, 1993; Williams, 1987). Unfortunately, teaching the process of inventing
has not been a typical component of the school curriculum in the United States.
Kuehn (1985) found that formal inclusion of the invention process was atypical and
when included in the curriculum it usually occurred in college level courses
specifically designed for engineers.
The field of technology education, in particular, has a long history of individual
and group efforts to develop curriculum structures that encourage creativity within the
students. Significant contributors to various forms of practical education helped
establish the precedence for creative expressions of the child. The contributors
include Comenius, Pestalozzi, Froebel, and later, Russell, Bonser, Dewey, Olson, and
Maley (Cochran, 1970; Lux , 1981; Miller, 1989; Nelson, 1981). Unfortunately, many of
the progressive curriculum ideas advocated by these individuals have not been
universally accepted by the profession. The reasons for this resistance to curriculum
change in Technology Education were originally a reflection of the industrial base of
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the economy. This climate resulted in the public schools organizing the content of
Technology Education based on an industrial model (Kearns & Doyle, 1988). This
meant that the teacher was the manager who controlled the flow of information and the
actions and learning of the students. This type of instructional framework was
designed to produce the most efficient output of educated students into the industrial
work force. Furthermore, as a result of this cultural mind-set, vocational education, i.e.
training young people for specific job skills in a specific trade or industry, and industrial
arts/general technical education became inextricably linked in public perception. As a
result of this perceptual link the financial power and influence of vocational education
quickly overshadowed the general educational goals of industrial arts/technology
education (Lux, 1981). Unfortunately, this type of instructional strategy is not
necessarily designed to develop and encourage the creative efforts of young people.
Kearns and Doyle (1988) stated that this type of educational environment is not only
hostile to creative efforts but also anti-intellectual and equally hostile toward the
processes of invention, innovation, and entrepreneurship.
The later half of the 20th century marked a transition from the industrial
economy mentioned earlier to one that was based on information and knowledge.
Unfortunately, the culture of public education has been slow to make a change to
reflect that transition. Toffler (1970) referred to this transitional period as one in which
“change is avalanching upon our heads and most people are grotesquely unprepared
to cope with it ” (p.14). Wright (1995) expanded on this concept by stating:
This condition would require schools to abandon the accumulated
knowledge transmission model that has permeated them for decades. A model
based on a belief that the future is simply an extension of the past -- a
predictable evolution of institutions and an extension of present-day events.
(p.252)
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The curriculum models that were being advanced to meet the educational
challenges of this cultural and economic shift were reflective of a change from the
“accumulated knowledge transmission model” (p. 252) referred to by Wright (1995) to
one that was process-based. The emphasis was no longer placed on the content of
the learning but on the act of learning itself. The core of this educational philosophy
can be summarized in three parts; (a) learning to find needed knowledge, (b) learning
how to distinguish between good/relevant information and poor/irrelevant information,
and (c) learning how to use information to make decisions (Feather,1989). This
approach to education encouraged the learner to learn as a result of a perceived
need. The process of invention, and the application of creativity, were often the result
of perceived needs (Griffin, 1991). Therefore, the process approach to learning was
one that was more conducive to the development of a learning environment that
facilitated inventive characteristics.
Odyssey of the Mind
A program which actively encouraged the development of creative
characteristics in young people was Odyssey of the Mind (OM). One measure of the
success of the OM program was that it received widespread acceptance in the public
schools of the United States and 20 other countries around the world (Schwartz, July,
1995). This program was started by Sam Micklus in 1975 as an outgrowth of work
conducted during his own doctoral studies and through design activities conducted at
Glassboro State College [now Rowan College of New Jersey]. In 1978, Micklus ran
the first OM competition, then known as Olympics of the Mind, for teams of students
from over twenty New Jersey schools. Over time the program was expanded to an
estimated 12,000 schools and one million young people participating worldwide
(Schwartz, July, 1995).
The goal of the OM program was to encourage the development and
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application of creativity in young people as they solve problems. Gourley (1981)
described the program as the application of the varsity sports model toward the
environment of education. Micklus (1984) stated that the very foundation of the OM
program was built upon the development of the creatively gifted individual. This type
of student was described by Micklus as one who could fit many of the typical student
profiles. A creatively gifted student may or may not be academically gifted, or gifted
with psychomotor skills, or artistically gifted, or gifted with leadership skills, or gifted
with any number of specific talents. Micklus contended that the creatively gifted
student could be measured by all of the traditional instruments of giftedness as
average or even below average. Creatively gifted students were typically described
as being original, fluent and flexible in thinking, sensitive, and possessing the ability to
redefine problems. Furthermore, these individuals were usually described as being
humorous, fantasizing, playful, and energetic (Micklus, 1984)
Using a program structure that was in harmony with the process learning model
described by Feather (1989), OM involved teams of five to seven students solving two
types of problems. The first type of problem to be solved was a long-term problem.
Each year the OM organization made available to participating schools five long-term
problems. Three of the problems typically were related to science and technology and
the other two were designed around language and the performing arts. Teams
selected one of the five problems and worked on their solution throughout the months
prior to competing.
The second type of problem was a spontaneous problem. The same team
would be given a problem by judges at the competition site. The team was scheduled
into a room where they were asked to solve one of two types of spontaneous
problems; a word problem or a hands-on problem. The team had a set time for their
solution and if it was a hands-on problem they also had a limit on the materials
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available. During the spontaneous problem the team was sequestered with the
problem judges and no coaches or spectators were allowed to be present.
In addition to being judged on their solution to the two types of problems each
team was also awarded points in a third category called style. Style points were given
by the judges based on how well a team elaborated on it’s solutions to their problems.
Elaborations were interpreted as those things that went beyond what was necessary to
solve the problem but contributed toward the overall presentation of that solution.
Examples included such things as costumes, backdrops and stage sets, music, and
dramatics. The team’s final score was calculated by adding up the results of the
judging for their solution of the long-term problem, the spontaneous problem, and style
points. This score provided a reasonably objective measure of the creative and
inventive output of the team as compared to the other teams in a given long-term
problem category (Fishkin, 1989; Odyssey of the Mind Association, 1996).
The long-term problems related to science and technology were frequently
paired with the hands-on spontaneous problems. Students who had a natural
inclination to express their inventive creativity through designing and building their
ideas found the challenge of these types of problems to be a perfect outlet for their
inventive characteristics.
Inventive Characteristics
In 1931, Rossman, a patent attorney, completed a study to determine the
characteristics of American inventors. Rossman conducted his study by surveying
over 700 active inventors, almost 200 patent attorneys, and nearly 100 directors of
research and development centers. His work was considered by many to be the best
reference for information on the characteristics of inventors and inventive people.
Follow-up efforts to his initial study, conducted in the early 1960’s, showed that the
results maintained their validity (Rossman, 1964). Rossman’s identifying
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characteristics for an inventor or inventive person included: originality, analytic ability,
imagination, perseverance, observation skills, common sense, and self confidence.
Skromme (1985), in a more narrow study of inventors, found similar
characteristics. His study found that prolific inventors typically were intelligent but not
necessarily gifted academically. Their scope of the world around them, in many cases,
was focused to the point of being labeled narrow minded. Each of the inventors
studied would be considered independent in both the realm of disposition and in
obligations to companies or other outside forces. They all considered this important
because it gave them the freedom to think, and the freedom to fail as they created their
inventions. Furthermore, every inventor covered by the study enjoyed working with
their hands to build, and then use, the machines they created. Skromme summarized
the common characteristics of his subjects by stating:
They were all happy, self-confident, and some were a little resentful of a
lifetime of objections to their ideas. They were innovative, enthusiastic, curious,
honest, often humorous, proud, judgmental, independent and sharp thinkers in
their field. None were addicted to drugs or alcohol and only a very few to
tobacco. They did not need to have something artificial injected into their blood,
like alcohol or drugs, to make them happy, or to dream exciting dreams of
“better things to come.”
None liked rote learning or spending time to learn anything that they
judged unimportant. A great many were churchgoers and nearly all were
married. (p.34)
Torrance (1992) referenced the study done by Skromme in advocating the need
for developing a school environment that fostered creativity and inventiveness. In
earlier studies of his own, Torrance (1981) found that the type of prolific inventors
studied by Skromme demonstrated their creativity and inventiveness by the third
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grade, but that the traditional school curriculum and learning environment tended to
stifle those characteristics. Torrance (1992) further stated that he believed programs
such as OM provided the type of creative stimulus that would encourage inventive
talent.
Statement of the Problem
The problem of this research was to determine if participation in Odyssey of the
Mind affected the personality preferences and, therefore, the inventive characteristics
of young people.
Statement of Purpose
The purposes for the research were:
1)

To provide research data to teachers that justified the inclusion of
teaching strategies, such as OM and OM type activities, into their
curriculum to meet the needs of students with inventive characteristics
and inclinations.

2)

To provide research data which could be used toward further
investigation of inventive characteristics and the programs that
encouraged their growth and development in students.
Statement of Need

As the human race entered the world of the twenty-first century the rate of
technological change was accelerating exponentially. New technologies were
becoming outdated before they even made it to the intended users (Burke, 1978; Ellul,
1964; Toffler, 1970; Winner, 1986). In such a changing technological environment it
was essential that society be well served by a corps of creative and inventive people.
Rossman (1964) summarized the value of inventions and their inventors when he
stated, “We [the general public] have become acutely aware of the fact that invention is
the foundation of our culture and social progress” (p.3). Griffin (1991) expanded on
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this statement by noting that, “Now, more than ever, inventing is a global exercise”
(p.1).
Skromme (1989) used the results of his study of inventors to go so far as to
develop a curriculum model specifically designed to identify and encourage the
inventive characteristics of young people. He recognized that the traditional public
school environment does not facilitate inventive characteristics and, in many cases,
stifles those characteristics.
Micklus (1984) devoted the first part of the Odyssey of the Mind problems guide
to a section on the need for nurturing creativity. Interestingly, much of what Micklus
encouraged through OM was strikingly similar to the goals and objectives advocated
by Skromme. Both of these individuals recognized that there were, in relation to the
needs of creative and inventive young people, shortcomings in the educational
environments of our schools. Torrance (1992), also noted similar problems and built
upon these observations by comparing programs in this country with those in Japan.
He noted that, in Japan, programs that encourage creative and inventive thinking,
such as OM, have been popular at a national level for over 20 years. Though
Torrance did not advocate that Japanese education models should be transplanted in
whole to western soil, he did advance the reasonable proposition that all cultures
should learn from their successes, including their techniques for developing inventive
characteristics.
Overall, these studies indicated a need for curricular models that promoted the
inventive spirit. Though OM was designed primarily to serve as an extra-curricular
activity, many schools chose to use it within their curriculum as a direct response to
facilitating the creative spirit of young people. Therefore, this research examined what
role participation in OM actually played in creating an environment in the schools that
was conducive to healthy personality type development and inventive thinking.
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Finally, the need for this research was summarized by Torrance (1992) when he
stated, “When men or nations invent they live and grow. When they cease to do that
they decay and die. This has been true from the beginning” (p.14).
Hypotheses
The proposed research determined if there were significant effects on the
personality preferences of young people who participated in OM on a regular basis as
measured by a personality profile test. This test was administered to groups of
elementary students in grades 3rd - 5th. Some of the students had participated in OM
on a regular basis and the others had not participated in the OM program.
The assessment of this research was determined by means of the following
experimental hypotheses which stated in their null form were:
Null Hypothesis 1: There will be no significant difference, at the .05 level, in
the population distribution of personality types between groups of 3rd to 5th grade
elementary school students who had regular experiences with the hands on
component of the OM program and a group of comparable 3rd to 5th grade
elementary school students who had no experience with the OM program .
Null Hypothesis 2: There will be no significant difference, at the .05 level, in the
measured intensity of personality preferences of young people in 3rd to 5th grade who
had regular experiences with the hands on component of the OM program, as
measured by the MMTIC, as compared to their chronological peers who had not
participated in OM .
Null Hypothesis 3: There will be no significant difference, at the .05 level, in the
measured intensity of personality preferences of young people in 3rd to 5th grade who
had regular experiences with the hands on component of the OM program, as
measured by the MMTIC, as compared to their OM peers who have different years of
OM experience .
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Assumptions
The following assumptions were made during the completion of this research:
1)

The test subjects and the control subjects were selected from
comparable demographic groups with the notable exception of their
experiential background of participatory exposure to Odyssey of the Mind
activities.

2)

Students came from classrooms where they have not been tracked for
academic ability and, therefore, the class should have had a population
that was heterogeneous in academic ability.

3)

The students performed to the best of their ability on the test.

4)

The testing environment was comparable for all subjects.

5)

The personality profile types of INTPs and ISTPs from the MurphyMeisgeier Type Indicator for Children, as determined by the research of
Forsgren (1990) was accepted as the personality types most facilitative
toward the invention process.

Limitations
The research had the following limitations:
1)

The research was limited to students from grades 3-5.

2)

The research was limited to two comparable groups of students, one
having been exposed to OM on a regular basis and the other having no
exposure to OM.

3)

Measures of personality characteristics were limited to one testing
session in which a personality profile examinations was administered to
all subjects.

Definition of Terms
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Affective Domain - The affective domain of human behavioral characteristics
encompasses such things as attitudes, feelings, and emotions (Gladis, 1985). Other
behavioral characteristics that fall within this domain are self-concept, self-esteem, self
motivation, and values (Clark, 1983; Davis & Rimm, 1985).
Creativity - DeBono (1992) provided a simple definition of creativity when he
stated, “In some ways creativity can be defined as a search for alternatives” (p.119).
Gardner (1993) specifies the dynamics of a creative individual as “a person who
regularly solves problems, fashions products, or defines new questions in a domain in
a way that is initially considered novel but that ultimately becomes accepted in a
particular cultural setting” (p.35). In the context of this research creativity will be
defined as a human act or process that occurs when the key elements of novelty,
appropriateness, and a receptive audience in a given field come together at a given
time to solve a given problem.
Cognition - An individual’s ability for knowing, organizing perceptions, and
problem solving (Newman & Newman, 1984).
Cognitive Development - The processes by which human beings, as they
age, increase their skill in acquiring and using knowledge (Bruner, 1966; Small,
1990).
Cognitive Processes - the functions of the human mind including such
things as attention, recognition, perception, remembering, self-awareness, thinking,
problem solving, and creativity (Glover, Bruning, & Filbeck, 1983).
Creatively Gifted Children - Children who display originality, fluency and
flexibility in thinking, sensitivity, and the ability to redefine problems. Other
characteristics that are typically displayed by creatively gifted children include humor,
fantasy, playfulness, and an energetic spirit (Micklus, 1984).
Intelligence - Intelligence is another word that can have many definitions
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ranging from the strictly genetic interpretation to one that is rooted in the measure of an
individual’s academic skills. However, for the purposes of this study the operational
definition of intelligence is provided by Evans and McCandless (1978) who stated:
[I]ntelligence is learning aptitude, coupled with abstract thinking and
problem-solving skills. We think about intelligence as both a means to gather
and process information and the ability to use this information to solve the
problems of life circumstances. Such problem solving means dealing
successfully with the demands of our environment. It also takes the form of
active efforts to exercise control over that environment. (p.258)
Invention - An invention is the product of a creative act that is original and
useful to one or more persons. The focus of this research will be on individuals who
have an inclination to design and build their ideas into physical inventions. Rossman
(1964) described physical inventions when he stated:
The physical inventions include all new devices or methods depending
on the physical materials or forces found in nature such as machinery, chemical
or electrical processes. This group includes all inventions falling in the field of
patents and also many others which are not patentable. (pp.8-9)
Inventive Characteristics - Those behavioral characteristics that are
typically expressed by individuals that are inclined to invent solutions to given
problems. These characteristics can include perseverance, imagination, originality,
analytic ability, observation skills, common sense, self confidence, enthusiasm,
curiousness, honesty, humor, frankness and a narrowness of focus (Rossman, 1964;
Skromme, 1985; Udell, Baker & Albaum, 1976) .
Invention Process - The invention process is the creative actions that result
in the development of an invention. Rossman (1964) described the process as
follows:
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Things or ideas are fitted together, interwoven and combined to produce
results which are more than the details from which they are formed. Old and
well-known elements are combined into new combinations or patterns giving a
new result or synthesis. The elements used to make the new combinations may
be taken from the field of any human activity. (p.9)
Personality Profile Tests - Testing instruments shown to have valid results
in scientifically measuring personality characteristics of the test subjects.
Problem Solving - A pragmatic perspective on the process of problem
solving involves the application of a sequence of analytical steps. Though there are
several models for the problem solving process, most of them share the following
common denominators:
1)

Identification of the problem

2)

Problem definition, clarification, and specification

3)

Development of hypotheses / Generation of possible solutions

4)

Testing of hypotheses

5)

Selection of best solution

6)

Redesigning and improving (Dewey, 1933; Dixon, Heppner, Peterson, &

Ronning, 1979; Hutchinson & Karsnitz, 1994)
For the purposes of this research the most recent model proposed by Hutchinson and
Karsnitz (1994) will be used as the reference.
Self-Concept - The development of a strong self-concept is a cornerstone to
the development of a creative/inventive individual (Wiener, 1993). Goleman,
Kaufman, and Ray (1992) describe the ingredients of self-concept by stating,
“Intrapersonal intelligence is knowing oneself. A person with a high degree of
intrapersonal intelligence knows his strengths and weaknesses, desires and fears,
and can act on that knowledge in adaptive ways” (p.78).
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Procedures
The following general procedures were used to conduct the research:
1)

Performed literature review related to cognitive development, invention,
the invention process, inventive characteristics, and Odyssey of the Mind.

2)

Identified two comparable groups of students with experience in Odyssey
of the Mind as an identifiable difference in their experiential background.

3)

Secured permission from the parents, school administrators, and
teachers whose students were included in the study.

4)

Introduced the project to the students.

5)

In groups, administered personality profile tests to subjects.

6)

Returned to test subjects who were missed initially because of absence
or scheduling conflicts.

7)

Scored personality profile tests.

8)

Organized, analyzed, and presented data.

9)

Developed findings, conclusions, and recommendations for further
research.
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CHAPTER II
Review of the Literature
The review of the literature examines three primary factors that were relevant to
this research. The first part examines the internal factors that contribute toward the
development of personality preferences and inventive characteristics. The second
part examines the external factors that contribute toward this process. The final part
examines the research on creativity and invention programs and how they facilitate the
synthesis of nature and nurture toward creativity and inventiveness.
Internal Factors Affecting the Development of Personality Preferences and Inventive
Characteristics in An Individual
This first section of the literature review examined the three primary forces that
were influential toward the internal factors affecting the personality preferences and
inventive characteristics of an individual. These factors were: biological influences,
psychological influences, and intelligence.
Biological Influences
Human beings are only one of countless representatives from the tree of life.
We are the direct result of hundreds of millions of years of biological evolution. Our
very distant ancestors evolved from single-celled organisms through more complex
multi-celled sea creatures. These led to simple worms with specialized organs, which
indirectly led to fish with inner skeletons. Air breathing fish evolved into amphibians
which evolved into reptiles. The reptiles represented the first permanent land dwellers
in the animal kingdom. Some reptiles eventually evolved into small mammals which
provided the genetic foundations from which humans would eventually evolve some
four million years ago (Lambert, 1987; Nash, October 11, 1993). Over the course of
the previous four million years, evolution has shaped both our physical and mental
characteristics. Beginning with the australopiths, our earliest identifiable hominid
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ancestor, human evolution established four biological attributes that distinguished us
from all other creatures. These attributes were: an upright skeleton, manipulative
hands with an opposable thumb, three-dimensional color vision, and a complex brain
(Lambert, 1987; McCrone, 1991; Schick & Toth 1993).
These four attributes are universal to the human species. Though they
developed as a result of evolution, they were passed from one generation to the next
through the code of life called genetics. Contained within chromosomes, rod-like
structures that are the foundation of human reproductive cells, deoxyribonucleic acid
(DNA) is the molecular code book that passes this information from generation to
generation. Through the 46 chromosomes that a human normally has, half from his or
her mother and half from his or her father, this genetic code establishes both the bond
to the human family tree and the unique characteristics that make each of us an
individual (Evans & McCandless, 1978; Lambert, 1987; McCrone, 1991; Newman &
Newman, 1984; Schick & Toth 1993).
However, as Newman & Newman (1984) pointed out, even one set of parents
has the potential of having any number of children that are vastly different from each
other. Genetic variability from within the same gene pool can result in major
differences between individuals in such things as rates of physical, emotional, and
intellectual development, and specific individual traits.
Therefore, genetics play an important role in providing an individual with unique
biological foundations for a predisposition to succeed at one or more activities of life.
Csikszentmihalyi (1996) described this condition specifically within the realm of
creativity and innovation by stating:
Perhaps the first trait that facilitates creativity is a genetic predisposition
for a given domain. It makes sense that a person whose nervous system is
more sensitive to color and light will have an advantage in becoming a painter,
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while someone born with a perfect pitch will do well in music. And being better
at their respective domains, they will become more deeply interested in sounds
and colors, will learn more about them, and thus are in a position to innovate in
music or art with greater ease. (p. 52)
Embedded within the biological foundation established by genetics were
behavioral reactions to both internal and external stimulus that were hard-wired within
the human organism. Collectively called instinct, these behavioral reactions are the
unthinking response to the three primal emotions of arousal, pleasure, and pain
(Boden, 1991; McCrone, 1991; Schick & Toth, 1993).
In distinguishing the difference between tool use by members of the animal
kingdom and tool making by human beings, Schick and Toth (1993) stated that,
“Instinctive behavior is genetically programmed and stereotypic and does not rely
upon transmission of information from one individual to another to maintain that
behavior over time” (p.52). Boden (1991) illustrated the need for instinctive reaction to
dangers in the environment if the individual organism was to survive, and pass on his
or her genes to the next generation, with the following example:
Goals of great urgency and importance must take precedence over the
current activity, what ever that is. If we see a tiger, we run. Evolution has seen
to it that we do not wait to find out whether it really is a tiger, for if our ancestors
had done so we would not be here to tell the tale. Sometimes, we end up
looking foolish (if the tiger was stuffed); and sometimes, our unthinking
response is disastrous (if we were standing near the edge of a gorge).
Occasionally, rational thought might have saved the individual concerned. But
only an automatic interruption of the current goal-seeking activity could save the
species. Quite apart from the fact that our animal-ancestors were incapable of
rational thought anyway, thinking takes time - and time (in cases of urgency) is
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precisely what we lack. In short, the emotion of fear is not a mere feeling: it is a
computational mechanism evolved for our protection. (p. 257)
McCrone’s (1991) work indicated, however, that such urgent response to the
arousal emotions were not necessarily the only mechanisms controlling the body’s
metabolic reactions. The same area of the brain that sends out the signals for fight or
flight against the hypothetical tiger were also responsible for long term biological
cycles and biorhythms. These types of emotional cycles can result in the individual
feeling energetic one day and tired and rundown the next. Patterns for these cycles
can be affected by such things as the individuals physical fitness, sleep, and levels of
stress.
Pleasure and pain are closely related in that they are emotional reactions to
physical stimulation of the body. Pain is a response to harmful or damaging actions to
the body. The pain sensation can range from sore muscles from strenuous effort to
excruciating pain from a wound or severe injury. The typical response from the brain
to the warning signals of pain is immediate action to stop or avoid further pain.
Pleasure, on the other hand, is the response to the body receiving satisfaction of basic
biological needs such as food, water, or sex. (McCrone, 1991)
Johanson, Johanson & Edgar (1994) and Johnson (1997) pointed out that
these instinctive emotional reactions served the early ancestors of modern humankind
quite well. Indications point toward even our earliest ancestors actively exploiting their
environments for such things as food, shelter, tools, and the fundamentals of language
and culture. These exploitations were undoubtedly fired by the unique, though still
developing capacity of the hominid brain for creative manipulation of the environment;
in short, the first examples of invention inspired by necessity.
As vital as the instinctive reactions were to the survival of the human species,
they alone did not tell the full tale of the biological influences that were the foundation
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for creative and inventive behavior in human beings. Another major biological
contributor toward these behaviors was the highly developed human brain and its
capacity to learn and remember. The learning process is the input mode for the
brain’s storage system of the individual’s experiences. This storage system is called
memory.
A physical examination of a human brain only hints at the complexity of the
operations that occur within this organ. Obvious characteristics include the division of
the organ into two distinguishable halves that are joined by connecting tissues in the
middle, an undulating gray outer surface, and various substructures that connect onto
the stem leading to the spinal cord (see Figure 1). Within the core of the brain are
several structures that are visibly distinguishable from the gray matter that composes
the outer shell (see Figure 2).

Figure 1. Two views of the human brain showing the right and left hemispheres and
the connecting nerve-fiber called the corpus callosum. From Left brain, right brain by
S. Springer and G. Deutsch, 1989, p. 5. Copyright 1989 by W.H. Freeman and
Company. Used with permission.
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Parts of the Brain Used for Memory

Figure 2. A cross section of the brain with labels applied to the various parts which
play a major roll in the function of memory. From The brain pack by R. Van der Meer
and A. Dudink, 1996, Part VII. Copyright 1996 by Singram Company. ISBN no.
1-56138-746-0. Reprinted with permission from Van der Meer Publishing
www.vandermeer.com.

As part of an examination of memory, Rosenfield (1988) discussed a common
folk practice of the early 19th century of examining the bumps on a persons head to
help determine his or her talents and psychological traits. Though this practice, called
phrenology, had no scientific basis, it provided the conceptual framework for an
understanding of the localization of various mental processes within the human brain.
Poole (1987) discussed brain function localization and the plasticity of the various
regions of the brain toward the processing of memories by stating, “While certain parts
of the brain clearly play a role in some specific types of memory...memory in general
depends on many parts of the brain’s cortex and its deeper structures working
harmoniously together” (p. 88). Van der Meer and Dudink (1996) described the
storage of memories by using the analogy of a library when they stated:
Spatial memory is on a shelf that runs through the hippocampus and
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thalamus. Emotional memory is on the shelf along the amygdala and thalamus.
You’ll find long-term memory along the shelves in the cortex. As recall runs
from shelf to shelf, the hippocampus is the world’s busiest librarian, directing
recall to the right part of the library, hoping against hope, perhaps, that the book
is still there. (Part VII)
Memories themselves can be divided into two general categories: short-term
memory and long-term memory. Short-term memory is information that is needed for
retrieval only briefly. Operating from within the hippocampus, short-term memory in a
typical person has a limit of about seven items before storage capacity is overloaded
(Small, 1990; Van der Meer & Dudink, 1996). Short-term memories can also be
converted into long-term memories. According to Poole (1987) this conversion
process can come about as a result of three factors:
The vividness of an event, motivation, and attention. Burning one’s finger
on a hot stove is a vivid event that will long be remembered. And anyone
anxious to be a tennis champion clearly has to be highly motivated and pay
strict attention in order to remember and apply all the instructions he receives
from a coach. (p.89)
Gardner (1985) expanded on that list by adding the factors of meaning and
expectation. How important was that information to the person? Did it have enough
meaning to be worth remembering? Should it be remembered because someone
else, a parent or teacher perhaps, expected the person to remember it?
Though the process of converting short-term memories into long-term memories
seems to take an unspecified period of time to complete, once the conversion is
finished the storage capacity of the brain for these permanently fixed memories seems
to be unlimited (Poole, 1987; Small, 1990; Springer & Deutsch, 1989; Van der Meer &
Dudnink, 1996).
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Long-term memories can themselves be divided into various types. Springer
and Deutsch (1989) categorized long-term memories into episodic memories and
semantic memories. The episodic memories concern information about specific
events or experiences an individual has had in his or her lifetime. The semantic
memories involve general knowledge on such things as speech, perceptual
recognition, motor skills, and other specialty skills an individual may possess. Van der
Meer and Dudink (1996) categorized long-term memories, first, into two broad
categories: implicit and explicit memories. They subdivided explicit memory into the
categories of episodic and semantic memory as described by Springer and Deutsch.
They also divided implicit memory into two subcategories: procedural memory and
perceptual priming. Procedural memory involves the skills such as riding a bicycle,
walking, or playing an instrument that, with repetition, can be performed without
conscious effort. Perceptual priming is described as a shortcut process to
remembering the familiar. As an example, the face of a new friend is recorded into
memory so that if you meet this person again you will not have to match the face
against the image of the face of every person you know.
An interesting aspect of the development of memory within young children is the
phenomenon of childhood amnesia. Most people have few or no clear conscious
memories of events from the moment of their birth to about the age of three. Three
types of explanations for this phenomenon have been developed. Freud’s (cited in
Newman & Newman, 1984; Storr, 1972) psychological explanation was that the brain
was repressing conflict and anxiety-provoking memories from this early developmental
period. A second explanation holds that the physical structures of the brain, primarily
the hippocampus and frontal lobes of the cortex are still developing and organizing
during those first several years. The third explanation holds that the systems for
storage and retrieval of memories during the early years are different, and perhaps
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completely incompatible, with those of the physically developed brain. Current
research seems to indicate that a combination of all three explanations are actively
involved in this phenomenon (Goleman, Kaufman, & Ray, 1992; Storr, 1972; Van der
Meer & Dudink, 1996). Storr (1972) explained why these early, unconscious
memories are so vital to the eventual development of the adult by stating:
The fact that the part of the brain concerned with later conscious memory
is not fully developed at birth does not mean that experience has not been
recorded, or that both pleasant and unpleasant happenings have not exerted
an effect upon the baby’s development. Indeed, what we know from
experiments with monkeys, and from the study of institutionally-reared infants,
indicates that the psychoanalytic assumption that the earliest months of a child’s
life are vitally important is correct. (p.220)
Along this same vain of thought Storr later stated:
What is being suggested is that these highly creative people [Newton,
Descartes, and Einstein] are but extreme examples of a general human
phenomenon. Man carries with him throughout life a discontent, varying in
degree, but always present, as a consequence of the intrinsic frustrations of his
infancy. This drives him to seek symbolic satisfactions: ways of mastering the
external world on the one hand, and ways of integrating and coming to terms
with his internal world on the other. It is by means of his creativity, both in art
and science, that man has survived and achieved so much. His prolonged and
unsatisfactory infancy is itself adaptive, since it leaves him with a ‘divine
discontent’ which spurs him on to creative achievement. (pp. 223-224)
As noted earlier, the use of the information stored within the warehouse of
memory can occur through processing at either the conscious or unconscious level.
One of those processes hidden by the veil of the unconscious mind is intuition. Budnik
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(1997) described intuition as the brain recognizing patterns within information,
sensations, emotions, and contexts. This pattern recognition may or may not be fully
understood by the individual when it first enters the conscious realm. Goleman,
Kaufman, and Ray (1992) described how intuition is based on the knowledge stored
within the unconscious regions of the brain. They noted that all information that enters
the brain, through whatever source, initially must pass through short-term memory.
While passing from short-term to long-term memory this new information must deal
with a fork in the processing networks of the brain. Though the brain’s storage
capacity for long-term knowledge seems unlimited, only a small fraction of that
information ever moves into the conscious realm. It is far too burdensome on the
individual’s psyche to deal with such a vast warehouse of knowledge on a continuous
basis. The bulk of new knowledge is placed in long-term storage in the unconscious.
The unconscious then serves as the library from which the mind finds information to
make connections and identify patterns which are used to solve problems and create
new ideas. The authors explained the importance of the unconscious mind toward the
individuals creative potential by stating:
We often underestimate the power of the unconscious mind. But it is far
more suited to a creative insight than is the conscious mind. There are no selfcensoring judgments in the unconscious, where ideas are free to recombine
with other ideas in novel patterns and unpredictable associations in a kind of
promiscuous fluidity. (p. 20)
Boden (1991), De Bono (1992), French (1994), and Ray and Myers (1986)
provided various examples of how intuition plays a key role in the creative lives of
artists, designers, engineers, and business people. Rossman (1964) described in
detail the role played by intuition and the unconscious mind toward the moment of
inventive “inspirations” (p.61). Rossman’s study of inventors indicated that intuition
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plays a significant part in the inventive process after the problem has been defined
and the inventor begins to actively work on the solution. Intuition seems to kick in
when the inventor provides some mental distance from the original problem, thus
allowing the unconscious mind the freedom to make the creative connections.
Rossman described the process as follows:
It is interesting to note that many inventors attribute the formation of the
mental patterns to the subconscious mind. The sudden flashes and inspirations
which they experience have led many of them to believe that some mental
process has been going

on which has solved the problem for them while they

were engaged in other activities or even when asleep. The assumption that the
subconscious is responsible for the final solution is, however, no answer to the
problem. It merely amounts to giving a name to a thing which puzzles and
mystifies us. The formation of neural patterns depends upon many
psychological and chemical conditions in the body. The inventor may attack a
problem for months or years without attaining a solution. But some day the
proper conditions prevail which are favorable for the formation of a sought-for
pattern and it is in these moments that the so-called flashes and inspirations
occur. (p. 86)
Rossman elaborated on what makes inventors so different on this matter by
stating: “Inventors and creative workers are thus largely differentiated from their fellow
men by their emotional reaction to needs which they experience and the openness of
neural connections in their brains” (p.87).
According to Goleman, Kaufman, and Ray (1992) another significant event in
the physical development of the brain that affects a persons creative disposition occurs
at the end of childhood. This process is called pruning. At birth the brain is equipped
with many more neurons, nerve cells that are the basic building blocks of the brain,
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then will be used in adulthood. Just prior to the onset of puberty, the body begins the
process of pruning, where those neurological connections that are not being actively
used are either converted and set into other patterns of use or simply allowed to die.
The significance of this process is that childhood patterns of behavior may play a
profound role in establishing the behavior patterns of the adult. The authors
suggested that during the childhood years, prior to the pruning process, the brain is
physically operating in such a way that the creative spark can easily be ignited. They
stated the following:
Brain specialists tell us that the brain-wave pattern of a preadolescent
child in the waking state is rich in theta waves. These waves are much rarer in
adults, occurring most frequently during the hypnagogic state, a twilight zone
bordering on sleep, where dreams and reality mix.
Thus a child’s waking consciousness is comparable to a state of mind
adults know mainly during those dreamlike moments as they fall asleep. This
may be one reason a child’s reality naturally embraces the zany and the
bizarre, the silly and the terrifying. A child’s waking awareness is more open to
fresh perceptions and wild ideas.
With puberty, the child’s brain changes to resemble an adult’s. The theta
brain waves and the wildly creative flair of the child begin to fade. (p.59)
Summary
There are many biological influences at work on the behavior patterns of an
individual with creative and inventive predispositions. Some of those influences can
not be affected within a given individual, such as the operational equipment that
millions of years of evolution provided. However, research indicated that some of
those influences, such as the development of neurological pathways and childhood
behavior patterns, can be shaped to facilitate a lifetime of creative and inventive
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efforts. The previous section explored the mechanics of the operations of the human
brain, without which the act of invention and the application of creativity would not
occur. The next section explores how the individual’s brain operates in responding to
the stimuli from its environment. These responses to stimuli result in behavior patterns
that are outward manifestations of the individual’s psychological makeup.
Psychological Influences
Originating from the operations of the brain is the factor of the inventive person’s
mind or personality. The quest for a precise definition of what is meant by these terms
also brings into question the meaning of several other related concepts including
consciousness, the unconscious, and self-consciousness. Classical psychology has
wrestled with the meaning of these terms for some time. Many writers on the subject of
psychology presume a universal understanding of these terms. Jaynes (1990)
acknowledged this dilemma by stating:
In being conscious of consciousness, we feel it is the most self evident
thing imaginable. We feel it is the defining attribute of our waking states, our
moods and affectations, our memories, our thoughts, attentions, and volitions. . .
[However,] on critical examination, all of these statements are false. (p. 21).
Beginning with the psychoanalytic position of Freud, to the neo-psychoanalytic
positions of Jung and Erikson, to the behavioristic point of view of Skinner, through the
cognitive stance of Piaget these terms have, none the less, played significant rolls in
each system of understanding of the operational characteristics of the human brain.
These terms are so deeply embedded into the fabric of these systems that, for
clarity, it is necessary to provide general definitions. Operative definitions for these
terms come from the Random House College Dictionary (1980):
Mind - The agency or part in a human or other conscious being that reasons,
understands, wills, perceives, experiences emotions, etc. (p.849).
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Personality - The sum total of the physical, mental, emotional, and social
characteristics of an individual (p. 990).
Conscious - Aware of one’s own existence, thoughts, surroundings, etc.
(p.286).
The Unconscious - The part of the mind containing the psychic material of
which the ego is unaware (p. 1429).
Self-conscious - Conscious of oneself or one’s own thoughts, well being, etc.
(p. 1193)
For the purposes of this research it was insightful to briefly examine each of the
important schools of psychological understanding previously mentioned. Each has
provided important insight into the mental processes that are the primary tool kit of an
inventive person.
According to Newman and Newman (1984), Freud suggested that all behavior
has meaning and purpose and has origins in the unconscious. They defined Freud’s
understanding of the unconscious as “a reservoir of wishes, needs and fantasies that
influence behavior but of which we are not normally aware” (p. 543). They
summarized Freud’s psychoanalytic position by stating:
Freud described three components of personality [mind]: the id, the ego,
and the superego. The id is the source of instincts and impulses. It is the
primary source of psychic energy and exists from birth. The id operates without
concern for reality constraints. It continuously presses for expression and
gratification. However,

the content of the id is stored in the unconscious.

The ego is the composite term for all mental functions that are involved with
reality. The ego includes perception, memory, judgment, self-awareness, and
language skills. Its primary purpose is to gratify id

impulses within the

constraints of reality. The superego, which evolves somewhat later in

29
childhood, includes prohibitions about moral behavior and ideals about one’s
potential as a moral person. It is generally referred to as the conscience,
although this term often obscures the fact that the superego can praise as well
as punish. The superego is usually less reality oriented than the ego, although
not quite as remote from conscious awareness as the id. The ego is frequently
placed in the position of trying to express id impulses without offending the
superego. It is inevitable in a discussion of this type that images emerge of tiny
little people battling it out inside the skull. (pp. 23-24)
Gardner (1993) stated that the crucial theme of Freud’s psychoanalytic theory is
the process of repression. Freud saw repression as a defense mechanism set up by
an individual’s mind to protect it from unsettling thoughts and disruptive ideas.
Repression simply keeps these thoughts and ideas out of the realm of the individual’s
awareness or consciousness. Gardner quoted Freud’s own confirmation of the
centrality of this idea when he stated: “The doctrine of repression is the foundationstone on which the whole structure of psychoanalysis rests” (p.65).
The work of Freud served as the foundation for new types of psychological
systems of understanding generally classified as neo-psychoanalysis. Notable
examples of practitioners and theorists who built upon, or were influenced by, the work
of Freud include Jung and Erikson. Jung was, in fact, a former student of Freud’s
(Glover, Bruning, & Filbeck 1983; McConnell, 1989). Hamachek (1979) contended
that the fundamentals of Jungian psychology revolves around the premise that the
individual’s mind and personality are formed as a result of influences from conscious
and unconscious forces. Maduro and Wheelwright (1977) described Jung’s idea of
the unconscious as divisible into two levels: (a) the personal unconscious which, like
the Freudian view, includes material that is forgotten or repressed, and (b) the
collective unconscious, which is common to all humans and consists of primitive,
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universal, ancestral memories hard-wired into the human psyche and garnered
through the experience of human evolution. Jung’s (1921/1971b) perspective on the
nature of each individual human mind or personality is perhaps best expressed
through his words describing the concept of self:
The self is a quantity that is supraordinate to the conscious ego. It
embraces not only the conscious but also the unconscious psyche, and is
therefore, so to speak, a personality which we also are. . . . There is little
hope of our ever being able to reach even approximate consciousness of self,
since however much we may make consciousness there will always exist an
indeterminate and indeterminable amount of unconscious material which
belongs to the totality of the self (Collected Works: Vol.7, pp. 8-9).
Jung (1921/1971a) also developed the theory of psychological types which
attempts to classify people into groupings based on their dominant manner of
psychological functioning (Collected Works: Vol. 6). This work provided a clearer,
illustrative meaning for the term consciousness and its interaction with the
unconscious. Daniels (1997) described how this theory operates based on the
concept of the mind having different functions and attitudes of consciousness.
Daniels’ summary of Jung’s theory and its structure stated:
The function of consciousness refer to the different ways in which the
conscious mind can comprehend reality. According to Jung, these are (a)
Sensation, (b) Intuition, (c) Thinking, and (d) Feeling.
Jung arranges these four functions into two pairs of opposites. First there
are the two perceiving (or, non-rational) functions of Sensation and Intuition.
Second, there are the two judging (or, rational) functions of Thinking and
Feeling.
Jung believed that whichever function dominates consciousness (e.g.,
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Thinking), its opposite (e.g., Feeling) will be repressed and therefore will tend to
characterize unconscious functioning.
In addition to the dominant function, people will often have an auxiliary
(or, secondary) function. This will be one of the functions from the other pair.
For example, if Thinking is dominant, the auxiliary function may be Sensation or
Intuition (but not Feeling). It is often useful to refer to both the dominant and
auxiliary functions and to describe someone’s function type as, for example,
Sensory Thinking or Intuitive Feeling.
The attitudes of consciousness refer to the basic direction in which a
person’s conscious interests and energies may flow - either inward to
subjective, psychological experience, or outward to the environment of objects,
other people and collective norms. These two directions define the two attitude
types of (a) Introversion and (b) Extroversion. As with the psychological
functions, whichever attitude dominates consciousness, its opposite will tend to
be repressed and to characterize the functioning of the unconscious.
To give a complete description of a person’s psychological type, we refer
to both the function and attitude type. For example, a person may be described
as an Extroverted Feeling type, or an Introverted Intuitive Thinking type. When
two functions are described, it is useful to indicate which is dominant and which
is auxiliary. (pp. 1-2)
According to Keirsey and Bates (1984) Jung’s theory of personality typing was
initially disregarded by the psychological profession and the general public in favor of
other systems of psychological understanding such as behaviorism. This disregard
would only begin to change in the 1940’s and 50’s when Myers and Briggs
reexamined the work of Jung and used it as a model for developing their own type
indicator instrument. This instrument, known as the Meyers-Briggs Type Indicator
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(MBTI) has been used extensively since its development and has served as a means
of reviving interest in Jung’s theory of psychological types (Newman, 1995). This
renewed interest has resulted in the development of similar instruments such as the
Student Styles Questionnaire™ and the Murphy-Meisgeier Type Indicator for Children
(MMTIC) (see Table 1) (see Appendix A for complete descriptions of all sixteen MBTI
psychological types).
Table 1
Contributions Made by Each Preference to Each Type

Note. Reproduced by special permission of the Publisher, Consulting Psychologists
Press, Inc. Palo Alto, CA 94303 from Murphy Meisgeier Type Indicator for Children
Manual (p.6) by Charles Meisgeier, Ed.D. & Elizabeth Murphy, Ed.D. Copyright 1987
by Consulting Psychologists Press, Inc. All rights reserved. Further reproduction is
prohibited without the Publisher’s written consent.
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Specific research into the personality types for inventors, as indicated by
instruments such as the MBTI, has been limited. Forsgren (1990) studied the types
within a small group of inventors who classified themselves as either “trial and error or
free-lance inventors” (p. 62). The group was self-selected from participants in a one
day workshop on inventing. The population consisted of 30 males and 2 females with
an age range from 26-77 with an age average of 51 years. The results of the study
indicated that inventors are predominately INTPs and ISTPs. This means that the
characteristics of the INTPs are introverted (I), intuitive (N), thinking (T), and perceiving
(P). The INTP types made up 28.1% of the study group. The ISTPs made up 15.6% of
the remainder of the group with the differing characteristic being the replacement of
sensing (S) for intuition. Compared with a normative group sampling, the inventors
demonstrated a strong preference for I (69%), T (78%), and N (63%) types. Forsgren
went on to describe the specifics of these two personality profiles by stating:
The ISTP types are described as people who are especially skilled with
their hands and who get satisfaction from outcomes that are immediate. The
focus of these inventors and their products tended to be toward technical and
mechanical things. Their view of the world is concrete (sensing) yet they
approach the world in an open-ended way (perceiving).
INTPs, who represent the other significant dominant introverted thinking
type, are described as having an inner reflectiveness (introversion) which
allows them to explore possibilities (NP). Their objectivity (thinking) allows for
an analysis of the information and their flexibility (perceiving) prompts them to
be responsive to new data. (p.62)
There was little research available as to the psychological types of children
related to their inventiveness. However, Murphy and Meisgeier (1987) pointed out
several studies that indicated a child’s dominant type typically emerges between the
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ages of 6 and 14. The authors stated that, “[T]here seems to be a consensus that the
elementary and beginning middle school years are important and formative in the
development of healthy type, self-esteem, and the effective utilization of the dominant
function in learning and growth tasks” (p.7). They also asserted that Jung’s
perspective on the goals of education should be to provide children with opportunities
to uncover and use their own unique qualities as manifested through their type
preferences.
Erikson was another theorist and practitioner of psychoanalysis who was
strongly influenced by the work of Freud. Erikson, in fact, learned the techniques of
psychoanalysis from Freud’s daughter Anna (McConnell, 1989). Reflections on his
own youth, and the trials and tribulations of his family structure, led him to recognize a
personal conflict period that he identified as an identity crisis. This self analysis
provided the foundation for his theoretical writings (Erikson, Erikson, & Kivnick, 1986).
Erikson’s system of understanding the operations of the human psyche was based
upon a hierarchy of developmental stages. Hamacheck (1979) described these
stages as:
Coincid[ing] with standard ranges of chronological and sociocultural age
groupings. During each phase of development, the individual must face and
cope with a central crisis that becomes dominant and that must be worked
through before he can move on to the next level of development. (p. 34)
Hamacheck further asserted that, “For Erikson, growth phases are in constant motion;
an individual never has a personality but is always redeveloping that personality” (p.
35). Table 2 presents a summary of the eight stages of Erikson’s developmental
model. McConnell (1989) described the process of crisis resolution at each
developmental stage as a test of the ego’s character. The crisis involves finding a
resolution between opposing tendencies, one that is negative and which may retard
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Table 2
Erikson’s Eight Stages of Human Development
__________________________________________________________________
Stages (Ages are
Psychosocial
approximate)
Psychosocial Crisis
Modalities
I. Birth through
first year

Trust vs. mistrust

To get
To give in return

II. Second year

Autonomy vs.
shame, doubt

To hold (on)
To let (go)

III. Third year through
fifth year

Initiative vs. guilt

To make (going after)
To “make like” (play)

IV. Sixth to onset of
puberty

Industry vs.
inferiority

To make things (completing)
To make things
together

V. Adolescence

Identity & repudiation
vs. identity diffusion

To be oneself (or not to be)
To share being
oneself

VI. Early adulthood

Intimacy and solidarity
vs. isolation

To lose and find
oneself in another

VII. Young & middle
adulthood

Generativity vs.
self-absorption

To make be
To take care of

VIII. Later adulthood

Integrity vs. despair

To be, through
having been
To face not being

Note. From Children and youth: Psychosocial development (2nd ed.). (p. 506) by E.D.
Evans & B.R. McCandless, 1978, New York: Holt Rinehart and Winston. Copyright
1978 by Holt, Rinehart and Winston. Adapted with permission of the publisher.

progression and, one that is positive and which may encourage healthy development.
The resolution of the crisis occurs when the psyche establishes a balance between
these two tendencies. The process of resolving these crises provides the ego with
strengths and principles for positive growth.
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The features of Erikson’s model were not necessarily profound in their
difference from previous theories. What set it apart from the work of others included:
(a) its consideration of the individuals psychosocial growth within the context of
groups such as the family and the broader cultural heritage and, (b) his positive
outlook on the possibilities of individual psychological growth, unlike Freud, who
focused primarily on the pathological nature of humankind. Erikson’s perspective was
one that saw great potential for positive, healthy growth in addressing and overcoming
the various crises of each developmental stage (Evans & McCandless,1978;
Hamachek, 1979; McConnell, 1989; Newman & Newman, 1984; Storr, 1972). In
addressing the specific nature of developmental processes in children, Erikson (1974)
noted that the child’s personality is shaped by the conflict between instincts, those
behaviors that are biologically predetermined and controlled, and the demands of the
surrounding environment and culture, which instill behaviors that are learned. The
social milieu is also fundamentally important in providing the environment from which
the attitudes and efforts of individuals are shaped to use creative problem solving and
apply inventive solutions to their problems (Gilfillan, 1971; Griffin, 1991; Jewkes,
Sawers, & Stillerman, 1958; Kivenson, 1982; Rossman, 1964; Schmookler, 1966;
Schmookler, 1972).
Skinner (1938) was the first to experimentally demonstrate that learned,
conditioned responses could be categorized into two groups. The first group of
conditioned responses were called elicited. This type of response was characterized
by the presence of a clearly identifiable stimulus in the organism’s environment which
directly caused the organism’s reaction. Pavlov first demonstrated this type of
respondent behavior with his experiments involving the salivary response of dogs to a
food stimulus (Ruch, 1953). The second type of conditioned response was classified
as emitted. This type of response was characterized by stimulus to the organism that
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was not directly observable. An example of emitted response was the organism
becoming hungry, leading it to seek out food. Skinner’s original experiments with this
type of conditioned behavior, which he called operant conditioning, involved placing
rats into specially designed control boxes that provided the opportunity for the
organism to learn a given response which was then reinforced with a reward.
McConnell (1989) summarized the key concepts and terms of operant
conditioning through the following steps: (a) Determine the final, learned behavioral
response pattern which can be objectively measured. This first step is actually a
prediction of the final step which is called the terminal response. (b) Measure and
record the organism’s behavior patterns prior to training. This process is known as
establishing the organism’s baseline behavior. (c) Because organisms rarely change
their behavior patterns in large amounts in a single block of time, the next process
involves reinforcement or rewards for behaviors that progressively move toward the
terminal response. This process is known as reinforcing successive approximation to
a goal. (d) Shaping is the term for the overall Skinnerian technique of changing the
organism’s behavior pattern. The long-term goals of shaping can be achieved
through use of either positive reinforcement or negative reinforcement. Positive
reinforcement provides the organism with feedback that is linked directly to the
stimulus-response interaction, making it more likely that the organism will respond in
the same manner when the same stimulus is applied sometime in the future.
Negative reinforcement should not be confused with punishment. Punishment
is the application of a painful stimulus that the organism would ordinarily avoid. It
disrupts behavior patterns and usually results in behavior changes that are temporary.
Negative reinforcement is the termination of a stimulus that the organism would
normally avoid. Satisfying extreme hunger or thirst would be an example of negative
reinforcement. Unlike punishment, negative reinforcement strengthens a behavior
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pattern on a long-term basis just like positive reinforcement.
Studies of young children indicated that operant conditioning can apply to their
learning behaviors. Continuous reinforcement by teachers, and the proper overall
classroom environment, seem to enhance the acquisition of new material. Intermittent
reinforcement, which may be more reflective of the actual classroom environment in
which a teacher can provide individual reinforcement only on an occasional basis,
also seems to provide the basis for operant conditioning in which the terminal
response is still extremely resistant to extinction (Ferster & Skinner, 1957; O’Leary &
Becker, 1967 ). However, operant conditioning should be considered as only one
avenue by which children with inventive predispositions can be shaped. As
McConnell (1989) indicated, Skinnerian behavioralism does not take into account
such things as genetic influences, social variables, and emotional and cognitive
factors.
The Skinnerian idea that human beings were only passive receptors of stimuli
from their environment was not a part of the cognitive psychology of Piaget. His work
was considered by many contemporary theorists and practitioners of psychology to
have been pioneering and influential in determining the direction of that field (Flavell,
1963; Gardner, 1982; Glover, Bruning, & Filbeck, 1983; McConnell, 1989). Piaget’s
cognitive theory described the development of the thinking process in human beings
by examining “all aspects of human intellectual functioning, including imitation,
perception, language, logic, memory, judgment, reasoning, and play” (Glover, Bruning,
& Filbeck, 1983, p. 140). Gardner (1982) explained that the extraordinary aspect of
Piaget’s work was that it provided the first evidence that children at various ages
“construe the world in ways that are fundamentally different from those of adults” (p.7).
As a result of several large studies designed to examine the processing of
knowledge within the growing mind of a child, Piaget was able to identify four major
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stages of cognitive development. The first stage is known as sensorimotor and covers
approximately the first two years of life. At this stage the child’s actions become more
intentional and organized into patterns.
The second stage runs from approximately two to seven years of age and is
known as the preoperational thought stage. During this stage children develop the
ability to use various types of symbols such as language and mental imagery to
interact with their world.
During the third stage, concrete operations, the child develops the ability to use
logic toward tangible problems. At this stage, which runs from approximately age
seven to eleven, the child can also begin to mentally manipulate his or her perceptions
of objects. For example, the child can, through mental processes, change their
perspective of an object sitting on a desk in front of them, to the perspective of another
observer sitting on the other side of the desk.
In the formal operations stage, from approximately age eleven on, the individual
is able to move easily into the abstract realm. A person in this stage of development is
able to identify and mentally manipulate the variables of a given problem, be it
concrete or hypothetical. At this stage the mind achieves a level of complex structure
from which a personal theory of knowledge can be developed toward the larger
questions of how, what, and why. Piaget felt that not everyone would achieve this
level of cognitive development and that many of those who did would not advance
very far into it (Flavell, 1963; Gardner, 1982; Glover, Bruning, & Filbeck, 1983;
McConnell, 1989).
Research into the cognitive nature of the invention process indicated that most,
if not all inventors, operate at the formal operations stage (French, 1994; Gorman &
Carlson, Spring 1990; Gorman, 1994; Weber, 1992). As an example, Gorman and
Carlson (Spring, 1990) used the formal operations stage of cognitive development as
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the platform to examine the inventive work of Bell and Edison toward the creation and
development of the telephone. The authors looked at the work of Bell and Edison from
the perspective that an “inventor combines abstract ideas with physical objects, or
what we call mental models with mechanical representations. The strategies and
tactics that an inventor uses to bring together mental models and mechanical
representations are heuristics” (pp. 133-134). The use and combination of abstract
ideas, physical objects, and heuristics are indicative of the mental development
attained in the formal operations stage. Though Bell and Edison came from vastly
different backgrounds and educational experiences, the sophistication of their ability to
combine the three elements of abstract ideas, physical objects, and heuristics toward
the creation and later development of the telephone indicated their attainment of the
formal operations stage of cognitive development.
Another aspect of Piaget’s theory of cognitive development was his perspective
on the term intelligence. Piaget used the term in reference to more then just the
academic measures commonly taken through standardized tests. Intelligence, in
Piaget’s work, was considered to be all of the thinking processes of the human mind
and the adaptability to environments and circumstances those thinking processes
provide to humankind (Flavell, 1963; Glover, Bruning, & Filbeck, 1983). This broad
categorization of intelligence would serve as the foundation for contemporary theorists
of creativity and invention.
Intelligence
There have been many theories and definitions put forth about the nature of
human intelligence. The measure of an individual’s intelligence through instruments
generically referred to as IQ tests are only a partial explanation of intelligence.
Csikszentmihalyi (1996) described the two broad categories of intelligence commonly
accepted by psychologists. The first is called fluid intelligence and describes the
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innate “ability to respond rapidly, to have quick reaction times, to compute fast and
accurate” (p. 213). This category of intelligence is not greatly affected by learning and
tends to decline as one gets older.
The second category of intelligence is known as crystallized intelligence. This
form of intelligence is influenced by learning and “involves making sensible
judgments, recognizing similarities across different categories, using induction and
logical reasoning” (Csikszentmihalyi, 1996, p. 213). Because it is affected by learning
and life experiences, crystallized intelligence usually increases with age. However, it
appears that an examination of an individual’s intelligence through an IQ instrument is
only a partial assessment of his or her creative and inventive potential (Hamachek,
1979; Skromme, 1989; Storr, 1972). Barron (1969) summarized the need for some
divergence between IQ and creative potential by stating, “For certain intrinsically
creative activities a specifiable minimum IQ is probably necessary to engage in the
activity at all, but beyond a minimum, which is surprisingly low, creativity has little
correlation with scores on IQ tests” (p.42).
Guilford (1967) first proposed alternative perspectives on human intelligence.
The Structures of the Intellect (SOI) theory proposed by Guilford provided a range of
intelligence that encompassed 120 intelligence abilities within a framework of five
operations, four contents, and six products (see Figure 3). This large framework
represents an expansive model of understanding for human intelligence. It also
served as a paradigm for the model of multiple intelligence proposed by Gardner
(Gardner, 1993).
Gardner’s work on the nature of creativity explored a wide range of related
topics including the physical operations and parts of the human brain, the common
characteristics of creative people, the influence of language and symbolism on the
development of a child’s brain, and the meaning of intelligence (Gardner, 1982;
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Figure 3. Guilford’s model for the Structure of the Intellect theory. From The nature of
human intelligence (p.63) by J.P. Guilford, 1967. Copyright 1967 by McGraw Hill.
Reprinted with permission of The McGraw-Hill Companies.

Gardner, 1983; Gardner, 1993; Goleman, Kaufman, & Ray, 1992; Mahmud, 1997).
The most prominent aspect of Gardner’s cognitive work was his theory of multiple
intelligences. Mahmud (1997) summarized the theory as follows:
Multiple intelligence theory, in a nut shell, is a pluralized way of
understanding the intellect. Recent advances in cognitive science,
developmental psychology and neuroscience suggest that each person’s level
of intelligence, as it has traditionally been considered, is actually made up of
autonomous faculties that can work individually or in concert with other
faculties. (p.2)
Gardner identified seven of these faculties, which he called intelligences. The
seven forms of intelligence are: (a) linguistics, (b) math and logic, (c) music, (d)
spatial reasoning, (e) bodily-kinesthetic, (f) interpersonal, and (g) intrapersonal
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(Gardner, 1982; Gardner, 1983; Gardner, 1993; Goleman, Kaufman, & Ray, 1992;
Mahmud, 1997).
All people possess the ability to use language to communicate. Though some
may only learn to operate at the most rudimentary level, others use language as a
means to expand and explore the human experience and the vast universe we inhabit.
Linguistic intelligence is the ability to use words to facilitate that process (Gardner,
1982; Gardner, 1983; Gardner, 1993; Goleman, Kaufman, & Ray, 1992; Mahmud,
1997).
Math and logic intelligence is typically shown by scientists, mathematicians, and
others who use reasoning. This type of intelligence involves the reasoning processes
of developing and testing an hypothesis, and the understanding and use of numbers.
These abilities have been highly respected and encouraged by Western cultures since
the time of Socrates (Gardner, 1982; Gardner, 1983; Gardner, 1993; Goleman,
Kaufman, & Ray, 1992; Mahmud, 1997).
Musical intelligence involves the individual’s quest for, and creation of,
appealing combinations of sound. This intelligence often flowers quite early in
childhood and can fully manifest itself in such prodigies as Mozart (Gardner, 1982;
Gardner, 1983; Gardner, 1993; Goleman, Kaufman, & Ray, 1992; Mahmud, 1997).
Spatial intelligence involves the ability to mentally manipulate visual
perspective. This ability involves those things that are close and narrow in
perspective, such as a flower vase on the table in front of you, as well as those things
that are wide and diverse, such as the big picture perspective one should have when
driving an automobile (Gardner, 1982; Gardner, 1983; Gardner, 1993; Goleman,
Kaufman, & Ray, 1992; Mahmud, 1997).
The use of one’s body to help solve a problem or create a product is the
application of bodily-kinesthetic intelligence. A skilled craftsman using his hands to
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create a piece of fine furniture or an Olympic athlete using her legs to propel her
through a high jump are all examples of how this form of intelligence manifest itself.
Though the body provides the outlet, the mind is the control system for this intelligence
through such things as balance, agility, and grace (Gardner, 1982; Gardner, 1983;
Gardner, 1993; Goleman, Kaufman, & Ray, 1992; Mahmud, 1997).
Interpersonal intelligence involves one’s ability to understand other people.
This form of intelligence provides insight into the behavior and needs of other people
and how to properly interact with them. People who are leaders, such as politicians,
clergy, teachers, and coaches possess a developed faculty in this area (Gardner,
1982; Gardner, 1983; Gardner, 1993; Goleman, Kaufman, & Ray, 1992; Mahmud,
1997).
Intrapersonal intelligence is self-knowledge. It is knowing what you like and
dislike, and what are your strengths and weaknesses. A strong intrapersonal
intelligence provides the framework for such characteristics as self-esteem, selfenhancement, and a strong character (Gardner, 1983; Gardner, 1993; Goleman,
Kaufman, & Ray, 1992; Mahmud, 1997).
Summary
This examination of the modern history of the study of the human psyche
provided a structure of understanding toward the question of how the mind of a
creative and inventive individual works. In review, Freud’s psychoanalytic studies
provided the foundation upon which many of the others mentioned built their own
model of understanding for the human psyche. Freud’s psychoanalytic theory was
based on the concept of repression which seems to serve as a spark for creative and
inventive solutions to discontent (Storr, 1972). Jung’s efforts provided a greater
understanding of thinking styles and served as the seed for the development of
instruments used to indicate what personality characteristics and thinking styles each
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of us possess (Daniels, 1997; Jung, 1971; Keirsey & Bates, 1984).
Erikson’s self analysis provided insight toward the phenomena of an identity
crisis which served as the keystone of his theory of developmental stages. Each stage
of development is achieved through overcoming a crisis within the context of the
psychosocial surroundings and the broader cultural heritage which is integral to
creative problem solving and the application of inventive solutions to perceived
problems (Evans & McCandless,1978: Hamachek, 1979; McConnell, 1989; Newman
& Newman, 1984; Storr, 1972).
The research of Skinner demonstrated that behaviors, including those involved
with creative and inventive actions can be learned and reinforced in a classroom if it
provides a conditioning environment (Ferster & Skinner, 1957; O’Leary & Becker,
1967 ).
The extensive work of Piaget provided the cognitive theory of development for
the human mind. The four stages of cognitive development proposed by Piaget are
reflective of both the biological and psychosocial maturation of the mind of a child
(Flavell, 1963; Gardner, 1982; Glover, Bruning, & Filbeck, 1983; McConnell, 1989).
Research indicated that inventors have developed into the final stage of formal
operations which means they are capable of complex and abstract thought toward
analyzing a problem and developing a solution (French, 1994; Gorman & Carlson,
Spring 1990; Gorman, 1994; Weber, 1992).
Finally, investigations into the nature of intelligence have shown that this
aspect of the human mind was more subtle than the measure of an individual’s IQ.
Studies have shown that there was very little correlation between IQ scores and
creativity (Barron, 1969; Hamachek, 1979; Skromme, 1989; Storre, 1972). However,
Csikszentmihalyi (1996) found that there were two types of fundamental intelligence
common to all people. Fluid intelligence was innate and not significantly affected by
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learning while crystallized intelligence was affected by learning and life experiences.
Other perspectives on the topic of intelligence have been proposed which also
greatly expanded on our understanding of the ways in which an individual’s
intelligence can express itself. Notably, Guilford (1967) and then Gardner (1982,
1983, & 1993) developed models of intelligence that encompass a wide range of
characteristics. Gardner’s model, specifically, contained seven types of intelligence
including linguistics, math and logic, music, spatial reasoning, bodily-kinesthetic,
interpersonal, and intrapersonal.
External Factors Affecting the Development of Personality Preferences and Inventive
Characteristics in an Individual
The various domains of intelligence, whether Guilford’s divergent 120 or
Gardner’s convergent seven, must be applied within an environmental context to be
considered creative and inventive. The environmental contexts manifest themselves
in three primary ways. These include the physical environment, the social/cultural
setting, and the place in time. Csikszentmihalyi (1996) expanded on the
environmental aspect of creativity by stating:
(T)he spatiotemporal context in which creative persons live has
consequences that often go unnoticed. The right milieu is important in more
ways than one. It can affect the production of novelty as well as its acceptance;
therefore, it is not surprising that creative individuals tend to gravitate toward
centers of vital activity, where their work has the chance of succeeding. (p. 127)
Csikszentmihalyi further elaborated on the reasons for which the supportive
environment can be instrumental to an individual’s creative output by stating:
The place where one lives is important for three main reasons. The first
is that one must be in a position to access the domain in which one plans to
work. Information is not distributed evenly in space but is clumped in different

47
geographical nodes. . . .
The second reason why a place may help creativity is that novel
stimulation is not evenly distributed. Certain environments have a greater
density of interaction and provide more excitement and a greater effervescence
of ideas; therefore, they prompt the person who is already inclined to break
away from conventions to experiment with novelty more readily than if he or she
had stayed in a more conservative, more repressive setting. . . .
Finally, access to the field is not evenly distributed in space. The centers
that facilitate the realization of novel ideas are not necessarily the ones where
the information is stored or where the stimulation is greatest. (pp. 128-130)
The Physical Environment
Amabile’s (1989) research concerning the physical environment of the
classroom examined the differences in the facilitation of creativity between open and
traditional classrooms. The author’s findings showed that most research “conducted
before 1975 indicated that open classrooms are superior to traditional classrooms in
promoting creativity” (p.133). However, research conducted on this subject after 1975
indicated little or no difference between the two types of environments. The theory
offered by Amabile as to why this change has occurred was that over the last several
decades the philosophical structure of American classrooms had gradually changed
so that, regardless of the physical surroundings, teachers were teaching as though
they were in an open classroom environment. Amabile’s assessment of this change
was that teachers were placing “more emphasis on student autonomy, fewer
constraints, and less rigid classroom structures. From the standpoint of creativity, this
is very good news” (p.133).
Other studies of school age children on the relationship between creative output
and physical surroundings have produced results that indicated those surroundings
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only benefited those students who had been trained how to creatively use their
environment or who already had shown a creative predisposition. However, when
those children were prepared to cue their answers on a creativity test off of the
physical environment, the results indicated a marked increase in creative output
(Friedman, Raymond, & Feldhusen, 1978; Ward, 1969).
The dynamics of the physical surroundings of a classroom that encourage
creativity included such things as an environment that was visually stimulating but not
visually distracting, stocked with abundant and diverse educational materials and
supplies, and equipped with some type of activity center where play and
experimentation with knowledge and materials can occur on a regular basis (Amabile,
1996, 1989 & 1983; Goleman, Kaufman & Ray, 1992; Hamacheck, 1979).
The Social/Cultural Environment
The question of the right social/cultural milieu for creativity and invention was
inclusive of both the personal context and the wider social context. The personal
context included such micro societies as the family, the immediate circle of friends, the
school group, the work group, and even the village or small town in which an
individual lives. The wider social context includes such macro societies as the city,
state, region, or nation, the economic system, the political system, and the
technological state of development in which an individual lives.
The micro society of the family, specifically the influence exerted by the mother
and father toward the creative behaviors of their children have been studied by a
number of researchers. Miller and Gerard (1979) noted that the children of parents
who are secure with themselves and unconcerned about the inhibitions placed on
their behavior, status, and roles by society tend to be creative and secure in taking the
risks that the creative process requires. Bloom and Sosniak (1981) found that
children, who were identified as being creative and talented in the fields of
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mathematics and music composition, had parents who were intensely involved in the
growth and development of their child’s capabilities. Their study found that parental
involvement included such things as enthusiasm and encouragement toward their
child’s activities, in many cases serving as the actual role model in the field of
endeavor, and, as the child’s abilities became more developed, the investment of
large amounts of money and personal effort toward finding tutors to help their child’s
growth and development.
An examination of the literature by Amabile (1989) on the subject of how
parents directly affected their children’s creativity revealed the following points: (a)
the parents of creative children tended to give their children a great deal of autonomy,
(b) they tended to exhibit a great deal of respect toward their children and have
confidence in their children’s abilities, (c) they operated under a system of values
instead of a large number of specified rules, (d) they emphasized achievement by
encouraging their children to do their best versus overemphasizing grades, (e) they
served as creative role models by demonstrating self confidence, independence, lack
of inhibition and concern for social status, and a general disregard for social demands,
(f) they appreciated and encouraged creativity in their children through lessons,
equipment, and stimulating experiences, (g) they possessed a clear vision of their
children as independent, moral, responsible individuals who have the capability of
doing great things with their creative skills and talents, and (h) perhaps most
importantly, their homes were found to be full of humor including the ability to laugh at
situations and oneself.
An important aspect of the micro society was the environmental supports for
play and fantasy within the individual. These two manifestations of the imagination
have been recognized as important parts of the creative and inventive spirit (Amabile,
1989; Bruner, 1972; Lieberman, 1977; Rossman, 1962). von Oech (1990) stressed the
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role of play toward creativity and problem solving by stating, “When you play, you give
yourself an invitation to reinvent reality and to reformulate established ways of doing
things” (p. 89). Stubbs and Amabile (cited in Amabile 1996) researched the
correlation between short-term fantasy and creativity. Using the Barron’s Movement
Threshold Inkblot Test they measured the fantasy abilities of 47 young children. Their
results found a significant correlation between the test and both creativity on an
unusual uses test (r=.61) and the children’s creative construction of collages (r=.55).
Rossman’s (1964) study of inventors found that imagination and play were
fundamental to each inventor’s psychological development. Rossman found that
inventors liked to play by manipulating the things they found in their environment. This
disposition to manipulate things started while they were children and continued once
they became adults. Rossman defines the relationship between imagination and
manipulation by stating:
The materials out of which the mental process of imagination builds its
patterns are past experiences. Imagination may produce patterns which never
existed before but the elements of the patterns are old and can be found in the
past experiences of the individual. The irresistible human tendency of
manipulation and exploration of objects found in our environment begins at an
early age. It is probably the basis of curiosity and playfulness. Manipulation
supplies much of the necessary experience for our imagination . . . .
Inventiveness and constructiveness are thus to a large extent dependent on our
manipulative tendencies. (p. 91)
Rossman (citing Woodworth, 1921) defined exploration as the quest for information
about the world as it exists and manipulative and inventive activity as the modification
and rearrangement of the world into something more beneficial to the individual, or
humankind in general. Manipulation begins at childhood with the development of
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rudimentary manual skills through such behaviors as grasping, turning, pushing,
pulling, shaking and dropping objects. Manipulation also leads to the development of
constructiveness through such behaviors as taking things apart and reassembling
them, using building blocks, arranging toys and dolls into families or parties, or
arranging toy furniture in a room. These behaviors enable the child to mentally
visualize possibilities of object arrangements. Another direction that the development
of manipulative skills can lead is into the realm of fantasy play. This type of
manipulation involves the child seeing personal meaning connected to the object at
hand. For example, a child may use a kitchen pan as a hat. The final form of
manipulation involves the child no longer needing a physical object to act out his or
her fantasy. At this stage the child tells their own story without the need for props. The
child’s imagination has developed to a point where the characters and the props exist
and behave as the child wishes on the stage of the child’s mind. This line of
manipulative development through childhood lead Rossman to state:
Manipulation thus finally gives us symbols for our experiences which we
can manipulate mentally and form into new patterns. It is interesting to
remember that play often consists of random manipulation and experimentation.
This is a deep-seated tendency in all human beings manifesting itself from
infancy to senility. Many inventors regard their inventive activity as a form of
play and they enjoy it for the manipulative pleasure they obtain from it. (p. 93)
Weber’s (1992) analysis of the the process of inventive thinking reaffirmed
Rossman’s conclusions on the importance of playfulness, manipulation and
imagination to an individual inventor. The process of using heuristics to examine,
manipulate, and modify ideas was identified as one way for inventors to play.
When the child reaches school age, it then becomes necessary for the school
and the teacher to assume some of the responsibility for providing the social/cultural
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setting in which creativity is encouraged. Addressing the specific need for play in a
young child’s creative school life, Amabile (1996) noted that, “Engaging in playful
activities can increase subsequent creativity, especially if the objects of play are
involved in the subsequent task” (p.229). A summary of Amabile’s (1989) findings
about the overall teaching philosophy that encourages the development of creativity
within children included:
• Learning is very important and very much fun.
• Children are worthy of respect and love as unique individuals.
• Children should be active learners.
• Children should feel both comfortable and stimulated in their classroom.
• Children should have a sense of ownership and pride in their classroom.
• Teachers are resources, not policemen, drill sergeants, or gods.
• Teachers are smart, but not perfect.
• Children should feel free to discuss problems openly with both the teacher and
their peers.
• Cooperation is always preferable to competition.
• Learning should be as close to children’s real-world experiences as possible.
Children should have both power and responsibility in the classroom.
(pp. 132-133)
Having a social/cultural environment that encourages creativity and
inventiveness involves not only support of the successful idea, but support of the
individual’s efforts through countless failures that often precede the final success.
Peters and Waterman (1982) did extensive research into the nature of business and
corporate environments that were successful in facilitating the creativity of their
employees while still making a profit. Their analysis of the common factors found in
these successful companies included a list of values from their corporate belief
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systems. Among their findings was the “belief that most members of the organization
should be innovators, and its corollary, the willingness to support failure” (p.285).
Their work found example after example of innovative ideas, systems, and devices that
were created in corporate environments that were designed specifically to encourage
creative thinking and to support the anticipated failures employees would have
leading up to their successes’.
A notable example of such an environment is the one displayed by 3M. The
corporate philosophy is to encourage new venture teams, product champions
springing from those teams, as well as executive champions to run interference of
corporate roadblocks to the new product ideas. Peters and Waterman (1982) related
the following experience:
One of us sat down with a 3M executive and discussed the last few chairmen
and key executives. Virtually without exception, each had a well publicized
championing success. Thus the whole of the top management team, and many
of their predecessors, act as role models for the young in the organization. The
would-be champion gains encouragement from the panoply of heroes’ tales:
don’t kill ideas; scrounge; failure’s OK; years and years are expected to pass
before a raw idea makes it in the market place; and so on.

(p.228)

An examination of the literature on the question of the influence of the larger
macro society on the creative and inventive output of the individual produces several
paths of investigation. Anderson and Anderson (1965) found that children raised in
cultures that were less restrictive and less authoritarian in overall social relationships
were more likely to be creative. The research indicated that growing up in a culture
that forces absolute conformity and discourages the freedom and playfulness
necessary for creative expression results in members of the culture being less
creative. Gilfillan (1971) noted the influence on inventive output as a result of cultural
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conditions by stating:
Only in a society which is integrated about the norms of utilitarianism and
empiricism may we expect to find technologic innovation flourishing. For the
essence of technology is utility. . . . divorced from non-utilitarian symbolism
(purely conventional or arbitrary relationships). The otherworldliness of
intellectual medieval Christianity, and the acceptance of Nature by Taoism, Zen
Buddhism, and Asiatic religions generally, have been discouraging to invention.
Protestantism has been more favorable, as Max Weber and Merton have
shown. Materialistic Communism is particularly favorable, yet held back still
more by other considerations - the poverty and inferior climate of the lands it
has engulfed, its lack of liberty, and its extermination, exiling, or distrust of the
former upper class, the countries’ best brains. (p.14)
Using the case study method of research on the creative output of notable
individuals, Wallace (1989) made note of the important influence the social/cultural
environment had on historical figures such as Darwin, Freud, Joyce, Galileo, Locke,
and Descartes. These particular individuals had to blaze new paths of understanding,
suffer persecution for their efforts, or simply move from their home culture to another
that was more accommodating. Others, such as Moore, Edison, and Picasso, were
able to develop and present their creative efforts to their social/cultural setting and
have them accepted.
The specific resistance by a culture to a technological development has a long
history. A notable example of this type of cultural resistance was the Luddites of 18th
century England who rebelled against the mechanization of the textile industry
(Williams, 1987). The reaction to the Jacquard loom, an important conceptual
precursor of the modern computer, was initially similar as workers smashed the
machines in fear for their jobs (Burke, 1978). A contemporary culture that chooses not
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to use many of the technical devices and inventions at their disposal is the Amish, one
of the sects of the Mennonite faith. A fundamental tenant of their religious beliefs is the
rejection of things considered worldly. Electricity, and machines run by electricity, as
well as the automobile and other types of gasoline powered machines are rejected by
the Old Order Amish for this very reason (Columbia Encyclopedia, Vol. 14, 1978; Kline,
1990)
Studies on the effects of social class standing on the creative output of
individuals have produced mixed results. Research by Lichtenwalner and Maxwell
(1969) and Solomon (1967) found a strong relationship between social class and
creative output during early childhood years on into the elementary grades. However,
Torrance (1974) found that intellectually bright, but economically at risk students can
meet or exceed the creative output of their gifted, and typically advantaged peers in
creative problem solving competitions. Along a similar line of inquire, Janssen (1968)
found that teenagers who dropped out of high school, many of whom came from poor
families, often scored higher on measures of creativity then did their peers who
remained in school.
The Environment of Place in Time
The final issue regarding the environmental influences on creative and
inventive output concerns the question of place in time. This issue is partially related
to the last question of the social/cultural setting for the acceptance of a creative or
inventive work. Several examples of notable individuals who had to overcome the
barrier of their social/cultural setting were discussed in the last section. However,
those individuals who were persecuted, such as Darwin, Galileo, and Descartes,
among many others, eventually had their creative works accepted with the passage of
time. They were often ahead of their time with their creative endeavors. That their
ideas were eventually accepted is as much reflective of their ability to make the work
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speak persuasively for itself, even after they themselves had died or disappeared from
the stage of discourse (Goleman, Kaufman, & Ray, 1992).
The issue of place in time also applies to the stage of technical development in
which a creative and inventive person lives. Da Vinci is perhaps the best example of a
creative and inventive individual who’s ideas were often years ahead of the technical
resources and knowledge necessary to make them practical. Wiener (1993) noted
that many of Da Vinci’s machines were made out of wood, a material that was readily
available and easily manipulated by the craftsmen of the time. However, an
examination of these designs with the eye and knowledge of a modern engineer
revealed that many of the machines that were produced could have had far greater
efficiency, and many of the machines that never made it beyond the stage of being an
idea could have worked with the use of metal as the basic building material. In
Wiener’s own words, “While many of the devices of Leonardo could work and could be
made to give a moderately competent performance with proper lubrication by soap
and water, their feeble performance would break the heart of any modern engineer” (p.
40). Other devices of Da Vinci’s design that were well ahead of the technical
capabilities of the 15th century included such things as his designs for flying
machines, the tank, underwater diving devices, and perhaps even the bicycle (Bramly,
1991; Mathe, 1991).
Burke (1996, 1978) elaborated on several examples of technology that
represent an accumulation of knowledge and resources that come together at a
certain point in time. These inventions could only come into existence once all of the
factors of the physical environment, social/cultural setting, and time coincided with the
inventor or inventors who ultimately created the machine or system. One such
example is the varied links through history of the long bow of medieval England to the
atomic weapons of today. Between these two points in technological history a long
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chain of direct and conceptual precedents had to occur. These precedents to the
atomic age included such things as the development of gunpowder, improvements in
the plow which resulted in cultural changes related to agriculture, developments in
weather observation techniques including the barometer, various developments with
the understanding and use of electricity, and even the creation of the telephone.
Schmookler (1966) investigated the connections between inventive
developments and economic growth by performing a statistical analysis of the
historical data concerning the national economic environment and the number and
types of patents issued. Schmookler’s analysis of the role played by intellectual
stimulation, or phrased another way, the significance of place in time, was as follows:
The knowledge produced in the past can influence the inventions made
today in three ways. (1) It can limit what inventions are made. This it must do,
since if an invention is “beyond the present state of the art,” it is by definition
impossible. (2) The use of knowledge formerly unused or formerly used less
extensively necessarily changes economic, social, and political conditions, and
these altered conditions may induce men to make inventions which somehow
enable them to benefit from, or ameliorate untoward consequences of, the
altered conditions. And (3) each addition to knowledge may constitute an
intellectual stimulus that prompts someone to make another addition to
knowledge. Thus, it is sometimes thought, inventions are commonly made
because men are stimulated to think of them by some other invention or
scientific discovery. (p. 199)
The final caveat to any type of environmental facilitation of the creative process
is that the individual must posses a mind set that is prepared for the creative
experience and its results (Amabile, 1989; Csikszentmihalyi, 1996; Gilfillan, 1970;
Rossman, 1964; Wallace & Gruber, 1989; Williams, 1987). Micklus (cited in Goleman,
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Kaufman, & Ray 1992) emphasized the importance of an individual’s receptivity
toward environmental influences by stating:
In my opinion a great group of problem-solvers are farm kids. They’re used to
watching their parents improvise when something goes wrong. If they have a
two thousand-pound bull to get on a truck and it doesn’t want to go, what do
they do? They don’t call a bull mover. They figure out a way to do it. (p.95)
Summary
The issue of external factors that affect the inventive personality can be
subdivided into the three areas of the physical environment, the social/cultural setting,
and the place in time. Csikszentmihalyi (1996) found support within all three of these
environmental influences to be critical to the creative output of an individual.
Studies on the effects of the physical environment on the creative output of
young people have shown a positive relationship to the classroom setting (Amabile,
1989) and with the training the subjects receive toward taking creative cues from their
environment (Friedman, Raymond, & Feldhusen, 1978; Ward, 1969).
Research on the question of the effects of social/cultural setting toward the
creative output of an individual have examined the issue from both the micro and the
macro position. The micro society of the family plays a key role in the development of
an individual’s creative and inventive predispositions (Amabile, 1989; Bloom &
Sosniak, 1981; Miller & Gerard, 1979). Critical to this developmental support system
was the role of the family in encouraging play and fantasy, an important foundation
toward a lifetime of inventive activity (Amabile, 1989, 1996; Bruner, 1972; Lieberman,
1977; Rossman, 1962; von Oech, 1990; Weber, 1992). Peters and Waterman (1982)
found similar social/cultural support systems in successful business and corporate
environments.
The macro society also has a profound influence on the creative and inventive
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output of individuals. Cultural resistance to new and innovative ideas and inventions
can shut the door on an individual’s creative efforts (Anderson & Anderson, 1965;
Burke, 1978; Gilfillan, 1971; Wallace, 1989; Williams, 1987). Mixed results have been
produced by studies on the effects of social class standing and creative output
(Janssen, 1968; Lichtenwainer & Maxwell, 1969; Solomon, 1967; Torrance, 1974).
Finally, the issue of place in time dealt with the topics of social/cultural
acceptance of an idea or invention with the passage of time (Goleman, Kaufman, &
Ray, 1992) and with the question of the need for technical knowledge within a given
social/cultural setting which has achieved both a critical mass for an idea to even take
shape (Burke, 1996, 1978; Schmookler, 1966) and a level of sophistication that
enabled an idea or invention to develop to its fullest potential (Wiener, 1993).
Research on Creativity and Invention Programs
The synthesis of nature and nurture toward an individual’s application of his or
her creative and inventive potential often come together as a result of pure chance.
Rossman (1964) and Skromme (1989) indicated that such serendipity seems to be the
historical rule rather then the exception. Many notable inventors never had any formal
training or preparation for their inventive works. They simply saw opportunities to
solve problems and satisfy human needs, which led their own internal motivation at
problem solving to tackle the problem at hand.
However, over the last 20 years there have been several notable programs
developed to help young people realize their creative potential. These programs have
included such efforts as Project XL out of the U.S. Patent and Trademark Office, Invent
America, Invention Convention, state and local sponsored events such as Invent Iowa,
the America First design challenge, various programs sponsored by museums
including the National Inventors Hall of Fame, the BFGoodrich Collegiate Inventors
Program, and Odyssey of the Mind. The research on the efficacy of these specific
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programs toward the long term development of a young person’s inventive potential is
still limited. However, there have been several studies on the effects of instruction
toward inventiveness.
Kuehn (1985) investigated the effects of instruction on the invention process
toward 5th and 6th grade student’s creativity and attitudes toward science. An
experimental group received lessons on problem solving strategies such as
visualization, inventive thinking and processes, and manual skills development. The
students in the control group received instruction from the standard science
curriculum. Both groups received a lesson on the experimental activity which involved
the development of a Rube Goldberg device to wake someone up in the morning.
Using a series of test instruments such as the Estes Attitude Scale, the Purdue
Creativity Test, and an instrument for measuring inventiveness developed by Kuehn,
the study found the following:
• There was no significant difference between the two groups in their attitudes toward
science.
• There were no significant difference between the two groups in their creativity test
scores.
• There were significant differences between the two groups in the measure of their
inventiveness using Kuehn’s instrument.
• There were significant differences across gender lines in Kuehn’s measure of
inventiveness with boys scoring much higher than the girls.
• Instruction on the processes of invention seems to help some students develop their
inventive potential.
Another analysis of the effects of instruction on the inventiveness of students
was performed by Westberg (1990). The focus of this study was to determine if
instruction on the invention process had any influence on students’ inventiveness and
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inventive output. The study also examined any influence that may have been exerted
by gender, grade level, achievement, and the student’s teacher on his or her inventive
output. The test groups consisted of 707 students in grades four through eight in 26
school districts throughout the United States, Canada, and several U.S Department of
Defense schools abroad. Volunteer teachers were randomly assigned to treatment
and control groups. The teachers then administered a series of lessons to their
classes that were designed by the researcher. The experimental group received eight
lessons on invention and the invention process. The control group received only an
introductory lesson on invention. The subjects were then encouraged to develop
inventions based on the materials provided by the researcher. The results of the
students’ efforts were measured for their inventiveness based on an instrument
developed and piloted by Westberg called the Invention Evaluation Scale. Teachers
also provided student data forms to provide demographic background for the
researcher’s statistical analysis. The results of the study were as follows:
• Even a single introductory lesson on the invention process resulted in an increase in
the number of inventions produced by students.
• A series of lessons on the invention process resulted in a small but significant
increase in the number of inventions as compared to the group that received
only the introductory lesson.
• Differences in learning styles and achievement levels affected the quality of
inventions produced by some students who received the series of lessons on
invention.
Other efforts to teach the invention process that have received some analysis of
their success include the efforts of Shlesinger (1982) and McCormack (1984).
Shlesinger’s program was implemented in the Fairfax County schools in 1979. It
consisted of a six step approach to invention including an introduction, identification,
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foundation, data, imagination, and limitations. The students designed and made an
improved example of a simple tool or device from home or school such as a hammer,
eraser for the chalkboard, screwdriver, or pencil sharpener. Shlesinger (cited in
Kuehn, 1985) did not use any objective measurement of the success of his program
except the student’s completion of his or her inventive designs.
McCormack developed a program called Invention Workshops. These
workshops are divided into three levels. The Type I Workshop focuses on historical
inventions and challenges the students to reinvent the invention by using
contemporary materials and resources. The Type II Workshops have the students
examine the lives of historical inventors through the use of fun, creative, and
imaginative activities such as making a Wanted Poster featuring the inventor. The
Type III Workshop makes the child into the inventor and once again uses the work of
Rube Goldberg as the platform to encourage their inventive efforts. Each child is given
a basic supply kit to use as they see fit to create a Goldberg type device to solve a
problem. McCormack (cited in Kuehn, 1985) used an experimental study of students
who had completed the Workshop series against their peers who had not. Using the
Torrance Tests of Creative Thinking, Verbal Forms A and B, the researcher found a
significant increase in the originality and flexibility of the students from the Workshops.
The results of a measure of their attitude toward their problem solving abilities showed
a positive improvement. However, no measure was made of any changes in the
students’ inventiveness as a result of their participation in the Workshops.
The Odyssey of the Mind (OM) program has been the subject of a number of
research studies dealing with other aspects of creativity. According to L. Foster
(personal communication, January 15, 1998) from the OM national office, the most
recent examination of the OM program was done by DeMeester (1996) who explored
the relationship between spoken language and critical thinking processes. Using a
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case study method with OM teams from two competition levels, this research found the
following:
• Participation in developing solutions enabled students to learn and internalize the
problem solving process.
• The coaching techniques encouraged by the OM Association enabled the
participating students to develop a better understanding and use of the problem
solving process and facilitated their use of a greater range of creative solutions
to the problem at hand.
• The program encouraged collaboration between team members toward developing
solutions to the problem, which seemed to facilitate the clarification and
enhancement of ideas.
• Participants in the OM program experienced various forms of success and this
success provided intrapersonal reinforcement toward additional successes in
the future.
• The program provided the opportunity for participants to learn how to work effectively
in a group and to appreciate the value of the different thinking styles each
member of the group may have.
Carman (1992) did a study that investigated the transfer of the thinking
processes involved with creative problem solving in OM to the area of mathematical
problem solving. This study used a test instrument based on material from released
items in a previous version of the National Assessment of Educational Progress exam
and from a study performed in the 1940’s that examined the creative use of materials
to solve a hands-on problem. A random sampling of 200 seventh grade students was
selected based on their involvement or non-involvement in OM. The analysis of the
test results indicated the following:
• Participants in OM scored significantly higher than those who had not participated.
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• Students who were labeled gifted scored significantly higher than those who were
not labeled gifted.
• Within the total test population males scored higher than females.
• Within the OM subgroup there was no discernible difference between genders on the
test score.
• Participants in OM had a higher self regard for their problem solving abilities than
those students who had not participated in OM.
• Transfer of the thinking processes involved with creative problem solving in OM to the
area of mathematical problem solving appeared to have occurred.
Fishkin (1989) performed a detailed study of participation in OM and the
development of creativity, creative self-concept, and the sense of control over the
reinforcers for the creative behavior. The test subjects were 143 intellectually gifted
students from an enrichment pull-out program that serviced 10 elementary schools. A
battery of test instruments including the Torrance Tests of Creative Thinking (TTCT) for
figural and verbal, the Similes Test, the Sears Self-Concept Inventory, and a test
designed by Fishkin to measure self-concept in relation to creativity called The Ideas
Scale were used for this research. The findings of this study were:
• The figural aspect of the TTCT was further validated.
• The usefulness of the multivarient statistical procedures used in the study were
validated.
• The Ideas Scale instrument for measuring self-concept was validated for use with
gifted, elementary school age children.
• The effort of the individual student was identified as an important independent
variable in studying creativity.
• Participation in a group creative problem solving effort seemed to be beneficial for
gifted children.
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Summary
In summary, until recently the formal training of young people on creativity and
invention had been an infrequent and unstructured event. Most inventors learned their
creative problem solving skills through environmental influences that coincidentally
matched up with their own creative predispositions. The need to formalize and
facilitate the teaching of problem solving processes and inventiveness has been
recognized and encouraged by several writers on the subject (McCormack, 1984;
Rossman, 1964; Shlesinger, 1982; Skromme, 1989; Torrance, 1992). In response,
there have been many programs developed for students at all levels to help
encourage creativity and inventiveness.

Several studies have shown that the

invention process can be taught and that students can develop their inventive potential
in the right environment. Furthermore, other studies have shown that OM can provide
an environment that facilitates creativity in general. At this time, however, an analysis
of the inventive aspects of that environment has not been done.
Review of Literature Summary
The review of the literature relevant to this study has provided a foundation of
knowledge and a conceptual framework by which the study can examine the
personality preferences and inventive characteristics of young people and the
influence participation in OM has on the development of those preferences and
characteristics. In summary, the first part of the chapter examined the internal factors
that affect the development of personality preferences and inventive characteristics in
an individual. These influences included biological forces such as the evolutionary
development of the human body and the brain, and psychological forces which deal
with the actual functions of the human brain toward thinking, memory, problem solving,
and the various forms of intelligence.
The second part of the chapter examined external factors that affect the
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development of personality preferences and inventive characteristics. These
influences included such factors as the immediate physical environment, the
social/cultural setting, and the place in time. Studies on these factors seem to indicate
that it is critical for all of them to be in alignment for the external factors to be supportive
of an individual’s creative output.
Finally, the third part of the chapter examined the programs and research
related to the specific development of creativity and inventiveness. This research has
shown that the general creativity possessed by all children can be brought out through
an environment that encourages the growth and expression of that creativity in its
various forms, including inventiveness.
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CHAPTER III
Methods and Procedures
This research sought to determine the effects on the development of personality
preferences and inventive characteristics of young people who participate in OM on a
regular basis as measured by a standardized personality profile test. This chapter
specifies and describes the methods and procedures used for this study. The chapter
begins with a description of the sample groups followed by descriptions of the test
instrument. A description of the research design is followed by a list of the null
hypotheses that were examined, and finally, the procedures used for collecting and
analyzing the data.
Sample
The subjects for the study were selected from students in grades 3 to 5 at two
elementary schools within the State of Indiana. The criteria for a school being
selected to participate in the study was as follows:
• The school had to have participated in the OM program during the 1997-98 school
year.
• Participation in OM had to be open to all children as a voluntary, after school activity.
• The school had to have participants in either the Camouflaged Creation or the
Pageant Wagon Long Term Problems.
• The school has willingness to participate in the study.
Schools from urban, suburban, and rural areas were solicited to participate in
the research. Originally, two schools from each type of environmental setting were
sought to participate in the study. However, of the original list of OM schools provided
by the Indiana State OM director, only two were able and willing to participate. The
two participating schools came from the demographic profiles of rural and urban
settings. Overall, 303 students out of a possible 645 in grades 3, 4, and 5 combined
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from both schools choose to participate in the study.
It was assumed that the use of schools where OM was a voluntary, after school
activity, open to all students, would have resulted in OM participants being integrated
into typical elementary school classrooms and not segregated into Gifted Programs.
As a result, it was assumed that two things occurred. The first was that students had
not been tracked for academic ability and, therefore, the class had a population that
was heterogeneous in academic ability. The second assumption was that having such
a heterogeneous population for each classroom enabled the non-OM classmates of
the OM students to serve as a control group. The test instrument was given to both the
control and the test subjects at the same time within their normal classroom
environment. The students were not told the exact nature of the study so as to avoid
possible contamination of the test results.
In cooperation with the OM Director of Indiana, an initial contact list of schools
was developed. This list contained the names and contact person for all of the
elementary schools which participated in the Division I long term problems at the state
level in Indiana during the 1997-98 school year. Schools which fit the general criteria
for participation in the study were contacted with a letter and an interest survey. The
final schools were selected from this pool based on their meeting the criteria for
participating in the study and their representation of a population group. The two
participating schools were contacted by telephone and a date was chosen for
administering the test.
Prior to the selected test date, the teachers of the respective classrooms
received copies of information concerning the test instrument and personality typing
(see Appendix C). This information was designed so the teachers would be able to
properly interpret the results of the test for their students at a later date. Copies of a
parental permission slip and a demographics profile form were also enclosed with this
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pretest mailer (see Appendix D and Appendix E). The teachers were be instructed to
have the students take the permission slip home and have it signed and returned prior
to the test date. This form briefly explained to the parents the general nature of the
study, the test instrument, and the option they had to exempt their child from
participating in the study. On the date of the test, the researcher met with the teachers
to discuss the material and to answer any questions about personality typing. Those
students who were exempted by their parents were given an alternative activity by
their regular teacher during the test period.
Personality Profiling Instrument
The personality profile of each subject in this study was measured using the
Murphy-Meisgeier Type Indicator for Children (MMTIC) (see Appendix B ). This
instrument was developed to aid in the identification of personality type preferences in
children from the perspective of Jungian psychology. Meisgeier and Murphy (1987)
described the MMTIC as, “a self-report instrument in which the child is asked to choose
his or her preferred response from two choices, neither of which is right or wrong”
(p.2). The questions are used to “measure preferences on the following four bipolar
dimensions: (a) Extroversion/Introversion, (b) Sensing/Intuition, (c)
Thinking/Feeling, and (d) Judging/Perceiving” (Meisgeier & Murphy, 1987, p. 3). The
instrument was standardized for use with children in grades 2-8.
The bipolar dimensions measured by this instrument are typically expressed
using single letter abbreviations. In the dimension of extroversion or introversion the
preference is expressed as either E or I. With sensing or intuition the preference is
expressed as either S or N [The letter I being already used for intuition]. In the
dimension of thinking or feeling the preferences are expressed as either T or F.
Finally, with judging or perceiving the dimension is expressed as either J or P.
These four categories are blocked into groupings of attitudes and functions
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which can be combined into sixteen different personality types (See Table 1). The four
functions include the preferences for S, N, T, and F. Important to the results of this
study was the idea that personality preferences as measured by the MMTIC are
expressed so that there is a dominant and an auxiliary function as well as a properly
corresponding attitude. Furthermore, the MMTIC recognizes that the developmental
stages of a child’s personality preference may result in a period of time when the
preferred preference has not clearly expressed itself. To account for this
developmental stage, the MMTIC has a U-band, indicating an undetermined
preference between each of the two functions or attitudes.
The version of the MMTIC that was used for this study contained 70 questions.
The test took 20 to 45 minutes to complete based on individual reading and
comprehension level differences between the three grades included in the study.
However, the test was untimed and each subject was allowed to take as much time as
necessary.
Research Design
The specific research strategy that was used to observe the development and
growth of personality preferences was a causal-comparative research model using
parametric tests of statistical difference. Isaac and Michael (1981) defined the purpose
of a causal-comparative research model as research designed “to investigate possible
cause-and-effect relationships by observing some existing consequence and
searching back through the data for plausible causal factors” (p. 50).
This type of research design was chosen because this study examined the
development and growth of the personality preferences of young people during the
phase of their lives’ when this process naturally occurs (McCaulley, 1977, 1981;
Meyers, 1980; Myers & McCaulley, 1985). The objective of this study was, therefore, to
determine the relationship between participation in OM and the development process
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for personality preferences in young people with a natural predisposition for inventive
and creative personality profiles.
This type of study did not confirm a cause and effect relationship. However, it
did suggest the existence of such a causal relationship. Tuckman (1988) stated that
the discovery of a strong relationship between two variables can lead to three possible
interpretations. They are:
1. The variable that O1 is measuring caused O2 (as the researcher has
suggested).
2. The variable that O2 is measuring has caused O1.
3. Some third, unmeasured, variable has caused both O1 and O2.(p. 161)
As a result of this design limitation, the scope of this study was restricted to
determining if a causal relationship may exist between participation in OM and the full
development of personality preferences. Actual causality will have to be tested at a
future date using an experimental approach.
Null Hypotheses
The following null hypotheses were tested:
Null Hypothesis 1: There will be no significant difference, at the .05 level, in
the population distribution of personality types between groups of 3rd to 5th grade
elementary school students who had regular experiences with the hands on
component of the OM program and a group of comparable 3rd to 5th grade
elementary school students who had no experience with the OM program (see Figure
4 and Figure 5).
Null Hypothesis 2: There will be no significant difference, at the .05 level, in the
measured intensity of personality preferences of young people in 3rd to 5th grade who
had regular experiences with the hands on component of the OM program, as
measured by the MMTIC, as compared to their chronological peers who had not
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Figure 6. The numerical scales for each of the personality preferences, as determined
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Reproduced by special permission of the Publisher, Consulting Psychologists Press,
Inc. Palo Alto, CA 94303 from Murphy Meisgeier Type Indicator for Children Form D
Scoring Keys by Charles Meisgeier, Ed.D. & Elizabeth Murphy, Ed.D. Copyright 1987
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Figure 7. The graphing method for the comparison of the personality preference
intensity measurements between OM students with varying levels of OM experience.

participated in OM (see Figure 4 and Figure 6).
Null Hypothesis 3: There will be no significant difference, at the .05 level, in the
measured intensity of personality preferences of young people in 3rd to 5th grade who
had regular experiences with the hands on component of the OM program, as
measured by the MMTIC, as compared to their OM peers who had different years of
OM experience (see Figure 4 and Figure 7).
Data Collection and Analysis
The analysis of the data necessary to determine the acceptance or rejection of
Null Hypothesis 1 was originally planned to be determined using a t -Test. However,
upon consultation with a professional statistician (F. Dietrich, personal communication,
Spring 2000) it was determined that a more appropriate statistical tool for making
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inferences about a population variance would be a chi-square test. The standardized
norm for the distribution of the sixteen different personality profiles was used as the
base measure to compare the distribution of the personality profiles between the test
population and the control population. A confidence interval at the .05 level was
chosen to determine whether to accept or reject Null Hypothesis 1.
The data from the MMTIC instruments was scored and categorized into the
appropriate personality profiles. Each of the four categories of measurement on the
MMTIC were established on their own sliding numerical scale. The U-band of each
scale represented the mathematical middle ground between the function or attitude
being measured (see Figure 6). The data for the means of each of the eight functions
or attitudes were then compared between the control groups and the test groups. The
statistical tool of a one-way analysis of variance [one-way ANOVA] was used to
determine if there was sufficient statistical difference between the means of the
personality preferences for these populations. The independent variable that was
examined using this technique is the intensity of the subjects’ personality
characteristics. The dependent variable was the amount of time a student had
participated in OM. Once again, a confidence interval at the .05 level was chosen to
determine whether to accept or reject Null Hypothesis 2.
The data collected from the MMTIC instruments was also analyzed to see if
there was a correlation between the intensity of the subject’s profile for their
personality preferences and the length of time and or the number of experiences they
had with OM. The original research design planned to accomplish these measures by
breaking the test population down into sub-groups to help determine if the long term
effects of participating in OM were evident in the changes of intensity for the subjects’
personality preferences. Students in third grade would only have had one year of OM
experience. Their preference profiles were to be compared with those of students in
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fourth grade who would have had two years of OM and then with students in fifth grade
who would have had three years of OM experience. This comparison was intended to
examine the question of the long term effects of OM on personality preference
development. Moreover, additional sub-groupings of fourth and fifth grade OM
students who had less then their assumed amount of OM experiences were to be
compared with their peer groups. For example, there should have been those
students in fifth grade who had only participated in OM one or two years versus the
assumed three years. Their results were then to be compared with their peers who
had the full three years of experience with OM. Unfortunately, it was not possible to
acquire the administrative records of the previous experience levels for all of the OM
students. Therefore, it was decided to compare personality type preference intensity
within the OM population between grade levels only. Once again, the statistical tool of
a one-way ANOVA was to be used to make the analysis with the confidence interval
chosen at the .05 level to determine whether to accept or reject Null Hypothesis 3.
Conclusions
The results of this research were examined for possible recommendations to
educators concerning such issues as the types of environments that facilitate the
fullest development of personality types, types of activities that can affect the learning
experience, and other questions related to the development of young people with
inventive and creative predispositions. Recommendations for future research on
these, and other related topics, are discussed in detail in the last chapter of this
document.
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CHAPTER IV
Analysis of Data
Introduction
The statistical analysis of the research data was done to test the three null
hypotheses. The first null hypothesis stated that there would be no significant
difference, at the .05 level, in the population distribution of personality types between
groups of 3rd to 5th grade elementary school students who have had regular
experiences with the hands on component of the OM program and a group of
comparable 3rd to 5th grade elementary school students who have had no experience
with the OM program.
The second null hypothesis stated that there would be no significant difference,
at the .05 level, in the measured intensity of personality preferences of young people
in 3rd to 5th grade who have had regular experiences with the hands on component of
the OM program, as measured by the MMTIC, as compared to their chronological
peers who have not participated in OM.
Finally, the third null hypothesis stated that there would be no significant
difference, at the .05 level, in the measured intensity of personality preferences of
young people in 3rd to 5th grade who have had regular experiences with the hands on
component of the OM program, as measured by the MMTIC, as compared to their OM
peers who have different years of OM experience. The statistical approach of a chisquare test was used to examine the first null hypothesis and a one way analysis of
variance [ANOVA] was used to examine the second and third null hypothesis.
The raw data was collected from students at two elementary schools in Indiana.
These schools were chosen from a list generated by the state OM director as schools
that had teams competing in the Indiana State OM finals in the two technical long-term
problems during the 1997-98 school year. Of the 17 schools originally identified by
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the Indiana State OM director as being possible research sites, only those two schools
chose to take part in the research. Several qualified school districts chose not to
become involved in the research for reasons specific to each district’s policy on
research conducted by outside agencies. The two schools that did participate were
identified as fitting all of the original criteria. The schools covered the demographic
profiles of rural and urban districts.
Though the schools came from two different demographic profiles they had a
great number of similarities in their organizational and operational structures.
Examples of similarities included the curriculum and teaching structure which kept the
students, primarily, with a single classroom teacher throughout the day for instruction
on core subjects such as mathematics, language arts, science, and social studies.
Exceptions to this type of teaching structure occurred with other types of subject areas
such as art, music, physical education, and miscellaneous classes to learn about such
things as the use of computers, guidance issues, and library skills. In these situations
a specialized teacher or instructor would visit the classroom, or the entire class would
go to a specialized area within the building. Each principal felt that the curriculum at
their school would be categorized as traditional because of the organizational
structure, the methods of instruction commonly used, the content of the material
covered in each of the subject areas, and the types of subject areas covered.
Another similarity between the two schools was that participants in the OM
program had to choose from a variety of other after school activities. A variety of sport
programs, both community and school sponsored, were available to the students at
both schools. Other after-school activities that recruited the participation of students at
both schools included boy and girl scout troops, cheerleading, and 4-H at the rural
school and Young Astronauts at the urban school.
Recruitment for participation in OM at both schools occurred through classroom
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teacher referrals, and a variety of OM promotion activities such as posters, school
announcements, and OM participants from previous years recruiting their friends.
One notable difference between the two schools was the limitation of
geography toward OM participation. The urban school was located relatively close to
its entire student body. A significant percentage of its students either walked or road
their bicycles to school. The principal at this site, therefore, felt that transportation to
and from after-school activities was not a limiting factor as to which students could
participate in OM. Though the rural school was located central to the school district, it
had a vast majority of its students riding a school bus to get to and from school. The
principal at this site estimated that it was as much as 10 to 15 miles from the most
distant corner of the district to the school building. There were no after-school activity
buses provided by the district. Therefore, students who participated in after-school
activities, including OM, were responsible for finding their own way home. The
principal felt that the issue of transportation was a limiting factor in whether a student
participated in any after-school activity.
At the two schools the teachers in grades 3,4, and 5 were asked to actively
encourage all of their students to become involved in the voluntary research. The
participation rate for the rural school was 44 % and the rate for the urban school was
50 %. The total involvement of students for the two schools was 303 students out of
645 possible, for a 47 % participation rate.
For purposes of statistical distribution, the students who had one or more
preferences in the U-band of the MMTIC were categorized into the preference area
toward which they were mathematically closest. Those individuals who had one or
more preference scores on the mathematical middle were removed from the final
tabulations. Collectively, 27 MMTIC scores were removed from the research results for
this reason. Seven of those MMTIC scores removed were for OM students. The
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remaining 20 were for non-OM students. The MMTIC results that were removed from
the final tabulation were evenly distributed across the three grade levels. Seven of the
scores came from 3rd grade students, nine of the scores came from 4th grade
students, and 11 of the scores came from 5th grade students.
Of the 303 students who participated in the research, 64 of them, or 21 %, had
been involved in OM at least one year. The total number of students at both schools
who had some type of OM experience was 92. This means that 69.5 % of the possible
OM participants at both schools were involved in the research.
It was not possible to identify the characteristics of the OM students as discretely
as was originally intended for the research. For example, it was not possible to clearly
identify those students who had been involved in the hands-on OM problems from one
year to the next. Furthermore, it was not possible to clearly identify all of those
students who may have had only one year of OM experience at the 4th or 5th grade.
Therefore, every OM student taking part in the research, regardless of the long term
problem he or she may have been involved with, was considered in the research
analysis. In evaluating the long-term effects of OM participation, students were
grouped according to their class standing in 3rd, 4th, or 5th grade and then compared
between each group accordingly.
Null Hypothesis 1
The analysis of the data for the first null hypothesis involved using the statistical
tool of a chi-square distribution. This statistical tool examined the inferences about a
population variance. The normal distribution of each of the 16 personality types as
measured by the MMTIC is shown in Table 3 in Appendix H. This table also shows the
division of the total number of students in both the non-OM and the OM populations
from the research. The numbers from this table were then used to perform the chisquare distribution analysis. The results of the chi-square analysis can be found in
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Table 4 in Appendix I and Table 5 in Appendix J. The rejection region for this onetailed test was based on 15 degrees of freedom. At the .05 confidence level, the
rejection region for the null hypothesis was any p-value less than 7.26 and or greater
than 25.0. The p-value for the comparisons of both the non-OM population and the
OM population to the normal population distribution were p=0.00 and p=0.0306,
respectively. A comparison between the non-OM population and the OM population
produced a p-value of 0.2114. The calculations for that analysis resulted in two of the
16 personality types being thrown out of the equation resulting in only 13 degrees of
freedom. The rejection region for this analysis was any p-value less than 5.90 and or
greater than 22.4. The third chi-square analysis can be found in Table 6 in Appendix
K. The results of the statistical analysis of all three population distributions were that
the first null hypothesis was rejected. The use of a causal-comparative research
model excluded drawing a definitive cause and effect relationship from the results of
this research. However, the results of the analysis of the data for the first hypothesis
did suggest that, with the rejection of the null hypothesis, there may be a relationship
between participation in OM and the distribution of personality types within the OM
population.
A graphic representation of the distribution of a normal population, the non-OM
population and the OM population are shown in Figures 8 and 9. Figure 8 shows the
three populations compared in their entirety. The non-OM population had two
personality types that were far beyond the expected ranges. Several explanations
could account for these two anomalies. The number of participating students, 47 % of
645 possible subjects, was not as large as would have been desired. Because the
research was entirely voluntary, a self-selection process may have occurred whereby
students with certain personality types may have been more naturally inclined to
participate in the research. Furthermore, the research was not able to include data
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Figure 8. The distribution of the sixteen personality types from the research
populations as compared to the normal distribution in a typical population group.
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Figure 9. A comparison of the population distributions by percentage.

from a school in a suburban setting. The exclusion of this type of a demographic
setting may have further contributed to the development of these anomalies. Figure 9
has been provided to show the population distributions by percentages. Overall, the
graphic representations of the population distributions indicated that there is no
discernible pattern or relationship between the three measures. The two personality
types that were identified by Forsgren (1990) as being predisposed toward inventive
behavior, INTPs and ISTP’s, produced mixed results. The number of ISTP’s in the
non-OM group were greater than the normal distribution, though the number of ISTP’s
in the OM group were less than the normal population. The INTP bracket produced
slightly greater than normal numbers in both the non-OM group and the OM group.
However, the inability to draw any statistical relationship between the three general
population distributions prevented a clear determination of any possible causal
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relationship on a particular personality profile or set of profiles. Therefore, any specific
reading of a personality type grouping may have been nothing more than chance
occurrence.
Null Hypothesis 2
The analysis of the data for the second hypothesis involved the use of the
statistical tool known as a one way analysis of variance [ANOVA]. This tool was
chosen to make the comparison between the means of the intensity levels of the
respective type characteristics of non-Om students and their OM peers. The first step
in this process was to make lists of each of the sixteen personality types for each of
the two populations and develop a list of mean measures for each of the component
type characteristics. This analysis did not separate the populations by grade but
simply looked at the data according to the subject’s OM participation. For purposes of
statistical balance, those profiles that did not have any entries in one or both
populations were removed from the analysis process. Table 7 in Appendix L shows
the list of means for each of the remaining ten personality types in both of the
population groups. The list of means shown in Table 7 were used as the raw data to
perform the ANOVA for each of the respective type characteristics. The graphic
representation of the type preferences shown in Figure 6 demonstrates that the
measure of intensity for half of the preferences, ESTJ, are represented by numbers
that are lower on their respective scales. Inversely, the other half of the preferences,
INFP, represent increased intensity by numbers that are higher on their respective
scales. The measures of intensity from the ANOVA were made looking at each of the
eight type preference components. Table 8 in Appendix M shows the results of the
ANOVA tables for each of those eight components. These components and the
comparison between the two populations were shown in graph form in Figures 10, 11,
and 12.
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Intensity Level Comparisons Between Populations
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Figure 10. A comparison of the intensity levels in each of the eight component type
characteristics between the non-OM population and the OM population.

The confidence level for examining this null hypothesis was also at the .05
level. The p-value of the ANOVA for each of the eight components was well above the
rejection region for this analysis. Therefore, the results indicated that null hypothesis 2
should be accepted. An examination of the comparisons of the type preference
components in Figures 10, 11, and 12 show no discernible pattern. Some
components show greater intensity levels in the OM population, some in the non-OM
population, and still others are almost identical in their comparison. All of the factors
mentioned earlier that may have had an effect on null hypothesis 1 may also have
contributed toward the results in this hypothesis.
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Figure 11. A comparison of the intensity levels of the ESTJ components across the
two populations.
INFP Intensity Level Comparisons
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Figure 12. A comparison of the intensity levels of the INFP components across the
two populations.
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Null Hypothesis 3
The analysis of the data for the third hypothesis also involved the use of a one
way analysis of variance [ANOVA] since the process involved comparing the means of
the respective type characteristics, within the OM population only, but across the three
grade levels. The first step was to develop a list of the number of students in each of
the grade levels in each of the type categories. As with null hypothesis 2, the analysis
of this data only covered those type categories which had entries in this population
group. The INFJ category was removed from the analysis of the second null
hypothesis since there were no entries in that category in the non-OM population.
However, the category was returned into the equation for the analysis of null
hypothesis 3. Table 9 in Appendix N shows the identification, by grade, of the number
of personality types in the remaining eleven categories. The scores from the MMTICs
were then used to create a list of means for each of the categories in each of the
personality types. Table 10 in Appendix O shows the means for each of the
component type characteristics in each of the grade levels. All of the eight type
components had entries in all three grades except the thinking (T) category which only
had entries in 4th and 5th grades. The information from this table was then used as
the raw data to create ANOVA tables for each of the component type characteristics
compared across the three grades. Table 11 in Appendix P shows the results of the
ANOVA tables for each of the eight components across each of the grades. These
components, and the grade level comparisons, are shown in Figures 13, 14, and 15.
The confidence level for examining this hypothesis was at the .05 level. The pvalues of the ANOVA for each of the eight components was well above the rejection
region for this analysis. These results indicated that null hypothesis 3 should be
accepted. An examination of the data in Figures 13, 14, and 15 show that there was
no consistent pattern in the intensity levels of the type preferences across the grades.
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Intensity Level Comparisons Across Grades
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Figure 13. A comparison of the intensity levels of the eight type components as
measured across the grades.
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Figure 14. A comparison of the intensity levels of the ESTJ components across the
grade levels.

89
INFP Intensity Level Comparisons Across Grades
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Figure 15. A comparison of the intensity levels of the INFP components across the
grade levels.

Demographic Profiles
Data concerning the general demographic profile for each of the participating
students was collected by means of a take home survey. The survey was given to the
students by their teacher several days prior to taking the MMTIC. They were told that
the survey, like the MMTIC, was a voluntary activity. They were also told that the
survey should be completed and returned in the unmarked envelope that
accompanied the survey. The envelope was provided to help ensure privacy and
anonymity to the respondent. Furthermore, the instrument was written so that the
respondent and the student could not be matched. A copy of the survey instrument is
in Appendix E.
Perhaps because the surveys were completely anonymous, 308 were returned,
five more then the number of students who participated in taking the MMTIC. The data
collected provided some basic information about the student population’s background
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including family structure, educational background of the parents, and the family’s
annual income range. Including both parents, the survey provided this basic
information on 584 people.
The results of the survey by grade level are shown in Figures 16, 18, and 20.
The data in these graphs were then combined in Figures 17, 19, and 21 to show the
overall results of the survey.
The data displayed in Figures 16 and 17 shows that the parents of the students
in the research were, as a whole, well educated. A significant 422 parents, or 72 % of
those who completed the survey, had at least one or more years of post secondary
education. Only 25 parents, or slightly more than 4 % of the responding parents never
completed high school.
The data shown in Figures 18 and 19 represent the occupational demographics
of the parents who completed the survey. The four divisions of occupation types are
general in nature. The white collar section covered such occupations as doctor,
lawyer, business executive, teacher, and engineer and other career paths that are
traditionally categorized as a professional track. The blue collar section covered
occupations such as manufacturing/factory worker, farming, construction, truck driving,
and other trades. The service category covered such occupations as government
workers, retail sales, food sales, child care, consulting, and the various fine arts. The
category of homemaker was set up as a stand alone section since a significant
number of people in the surveys fell into this group. This category also covered a
number of responses that included such things as retired, disabled, and part-time
student. This was done since the respondents most likely spent more then half of their
time in the home.
The graphs provide visual evidence of the results of having such a well
educated population. Most of the parents, 52 % of them, were employed as white
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Figure 16. The education levels of parents identified by the research grade levels.
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Figure 17. The education demographics of all the parents who returned their survey.
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collar workers. This was more than two and a half times the figure of the second
group, the blue collar workers. The service and homemaker categories represented
14% and 15 % of the responses, respectively. Looking at the occupation categories
by grade levels as shown in Figure 18 it was found that the overall pattern remained
similar at each of the three grades. The occupation patterns found in the survey were
also reflective of the major employers in each of the communities involved in the
research.
The measurement of the range of family incomes were indicated in Figures 20
and 21. Embedded in these figures were the percentage of single parent homes. The
measure of single parent families was slightly more than 10 % of the research results,
or 32 respondents. The income levels of the single parent homes were all at the lower
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Figure 18. The identification by grade level of the general types of parental
occupations.
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Figure 19. The demographics of the parental occupations.

end of the scale. The rest of the population had a middle to upper middle class
income level. Over one third, or 35 % of the population, indicated that their family
income was over $50,000 per year. Once again, these statistics were in line with the
level of education and the types of occupations indicated in the earlier questions. The
income categories, by grade levels, shown in Figure 20 indicated that the overall
pattern remained similar at each of the three grades.
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Figure 20. The identification by grade level of the range of household incomes.
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CHAPTER V
Findings and Conclusions, Implications, and Recommendations
for Further Research
The purpose of this chapter was to examine the findings and conclusions
resulting from the research. Recommendations for further research also are made.
Findings and Conclusions
This section reviewed the findings from each of the three hypotheses. The
findings were examined in order and followed by the conclusions that were drawn
from the analysis of the data used to examine each hypothesis.
Findings and Conclusions Related to Null Hypothesis 1
The first null hypothesis was rejected. This null hypothesis stated that there
would be no significant difference, at the .05 level, in the population distribution of
personality types between groups of 3rd to 5th grade elementary school students who
had regular experiences with the hands on component of the OM program and a
group of comparable 3rd to 5th grade elementary school students who had no
experience with the OM program.
An analysis of the data collected at the two participating schools, using a chisquare distribution analysis, indicated that, at the .05 level there was a significant
difference between the normal population distribution, the non-OM population
distribution, and the OM population distribution. The p-values for the comparison of
the non-OM group to the normal population was 0.00. The p-value for the comparison
of the OM group to the normal population distribution was 0.0306 and the p-value for
the comparison of the OM population distribution to the non-OM population distribution
was 0.2114. All of these numbers were well within the regions of rejection and,
therefore, resulted in the first null hypothesis being rejected. The results of this
analysis were significantly affected by the results in the ENFP, ESFP, and ESFJ
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categories. The information in Figure 8 indicated the overall size of the number of
subjects in the non-OM category that had personality types in those three groups.
Converting the data from Figure 8 into percentages of each population shows that the
results still had a significant anomaly in the ENFP group. Furthermore, the graphs in
Figures 8 and 9 provided visual evidence that no consistent pattern could be seen in
the distributions of the three populations.
The causes for the rejection of this hypothesis were only speculation because
the research measured existing conditions without having any external experimental
treatment applied to a population. The use of a causal-comparative research model
excluded the establishment of a cause and effect relationship. However, it was
possible to make informed speculations about why the research produced the results
that were found. The total number of students at the two cooperating schools that
participated in the research represented only 47 % of the possible research subjects at
those locations. Furthermore, the inability to find a school with a suburban
demographic profile further reduced the number of study participants by a significant
count. The demographic data of the general populations at the two schools also
indicated that there might be geographic pockets of personality types related to the
historical, cultural, and economic environment of each community. A further limiting
factor was that the study was entirely voluntary. With only 47 % of the student
population participating in the research, a self selection process could have occurred
whereby students with certain personality types were more inclined to have their
parents complete and return the permission forms. The same condition held true for
some parents who allowed their child to participate in the research while others did
not.
A final option in considering the rejection of the first null hypothesis was that
participation in OM does indeed have an effect on population distribution. If there was
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a relationship between participation in OM and the distribution of personality types as
measured against the local population’s personality type distribution, then this may be
one possible explanation for the results in the INTP and ISTP categories. These
categories were identified as type preferences which were prevalent in individuals
with inventive predispositions (Forsgren, 1990). In this research, both the INTP and
the ISTP groups came out greater than the normal population percentage and the
non-OM population percentage. Furthermore, the results in the ENFP and the ENTP
categories may also lend credence to the proposal that OM is attractive to participation
by students with those personality types. Both of these groups produced higher
numbers, as measured by percentage, then both the normal population or the non-OM
population distributions. More definitive evidence of the results of hypothesis 1 would
have to come from a measure of a larger population with a greater range of
demographic backgrounds and a larger percentage of participation. Clear proof of the
causal effect would have to be demonstrated through the use of an experimental
research design.
Findings and Conclusions Related to Null Hypothesis 2
The second null hypothesis was accepted. Null hypothesis 2 stated that there
would be no significant difference, at the .05 level, in the measured intensity of
personality preferences of young people in 3rd to 5th grade who have had regular
experiences with the hands on component of the OM program, as measured by the
MMTIC, as compared to their chronological peers who have not participated in OM.
The statistical tool used to examine this hypothesis was the one-way analysis of
variance [ANOVA]. At the .05 confidence level the study found that null hypothesis 2
should be accepted. The p-values of each of the eight ANOVA tables were well above
the rejection level. The amount of variation between the populations was statistically
insignificant. An examination of the graphs in Figures 10, 11, and 12 shows no
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consistent pattern in the intensity levels and the amount of variation between the nonOM population and the OM population. However, cause and effect cannot be directly
drawn from the study results. Some possible explanations for this result included such
things as the low percentage of participation and the demographic homogeneity of the
research populations. The results may also have indicated that, indeed, there were
no differences in the intensity levels between the two populations in this study.
Findings and Conclusions Related to Null Hypothesis 3
Finally, the third null hypothesis was also accepted. Null hypothesis 3 stated
that there would be no significant difference, at the .05 level, in the measured intensity
of personality preferences of young people in 3rd to 5th grade who had regular
experiences with the hands on component of the OM program, as measured by the
MMTIC, as compared to their OM peers who had different years of OM experience .
Once again, the data was analyzed using the ANOVA method. At the .05
confidence level the research found that null hypothesis 3 should be accepted. The pvalues in each of the eight ANOVA tables were well above the rejection level. The
amount of variation across the grades was not statistically significant. An examination
of the graphs in Figures 13, 14, and 15 did not show any consistent pattern in the
intensity levels across the grades. Though direct cause and effect could not be drawn
from the research, possible explanations for the results of the analysis of hypothesis 3
were inferred. These explanations included the low percentage of participation, the
demographic homogeneity of the research populations, and the natural development
process of personality preferences across the grades. As with the conclusions for the
last hypothesis, the results for this aspect of the research could also mean that there
was no significant difference between the development of type preferences at these
grade levels, at these two schools, within the OM population.
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Implications of the Research
The results of this research, though not definitive in nature, did provide some
persuasive evidence as to the fit and function of OM, and similar programs, in the
classroom environment. The purpose of this section was to provide some insight as to
what meaning could be drawn from the results of the research. This section examined
the context of the research, made comparisons with other research on OM, explored
issues related to the economic, social, and cultural environments in which this
research and OM were involved, compared the meaning of the results to the original
two purposes of the research, discussed what the results meant to a classroom
teacher, and provided speculation as to why the research had the results that were
found.
Future research should look at similar questions on personality type
development within the context of larger populations. One example of the limited
scope of this research was that it was conducted at two schools with traditional
classroom and curriculum structures. Toward the specific questions of personality type
development explored by this research, it would be beneficial to do comparative
research at schools with alternative classroom and curriculum structures. Schools
with thematic curriculums, open classrooms, block scheduling, and other forms of
alternative structures may produce different results toward the use of OM as a means
of facilitating personality type development in young people.
Comparisons between the results of this research and the results of other
research on student participation in OM did not produce clear similarities or
differences. The lack of clear comparative similarities and differences between the
various research results can be attributed toward the divergent questions asked by the
various researchers. This research examined the question of the effects on student’s
personality preferences from participation in OM. DeMeester (1996) examined the
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relationship between spoken language and critical thinking skills. Carman (1992)
explored the transfer of creative thinking processes used in OM activities toward areas
of mathematical problem solving. Finally, Fishkin (1989) examined the effects of
participation in OM and the development of creativity, creative self concept, and the
sense of control over the reinforcers for creative behavior. Perhaps the one common
aspect of the various research results was that each provided insight into one or more
of the many aspects of what contributes toward a young person developing and
expressing his or her creative and inventive potential.
One aspect of this research that stands out was the demographics of the
families at the two schools. As noted earlier, the relatively high education and
economic status of the families represented at both schools may not represent a good
cross section of the normal population for the United States, the State of Indiana, or
participants in Odyssey of the Mind. A limitation of this study was that it was not
possible to determine the demographics of the families of the OM students separate
from the larger school populations. Future research should examine the
demographics of the families of OM students. This research should be done in a large
variety of geographic settings to more appropriately take a measure of the economic,
social, and cultural backdrops from which come the students who participate in OM.
Perhaps the OM students from disadvantaged economic, social, and cultural
environments would show more pronounced effects in their personality preference
development. Unfortunately, the limitations of this research did not allow further
analysis of changes in personality preference, within the OM populations, based on
the demographics of a student’s family.
This work was carried out with two research purposes in mind. The first
purpose was to provide research data to teachers that justified the inclusion of
teaching strategies, such as OM and OM type activities, into their curriculum to meet
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the needs of students with inventive characteristics and inclinations. It should be
restated that this research was not designed to measure the creative output of students
resulting from participation in OM.
One of the key promotional aspects of OM, and OM type activities, was the idea
that such activities facilitate the development of creativity and inventiveness in young
people. The results of this research did indicate that personality types previously
associated with inventiveness, INTP’s and ISTP’s, were attracted to participation in
OM. However, according to the research data, two other groups of personality types,
ENFP’s and ENTP’s, were clearly attracted to participation in OM to a much larger
degree. Teachers should remember that the characteristics of creativity and
inventiveness were not the exclusive possession of people with INTP and ISTP
personality types. OM may, in fact, have facilitated creativity and inventiveness in
every student who participated in the program regardless of a student’s personality
type. The work of DeMeester (1996), Carman (1992) and Fishkin (1989), though not
addressing the question of personality preference development, implied that all
personality types generally had positive effects on their creative and inventive output
as a result of participation in OM.
The classroom teacher can use the results of the current research to justify the
use of OM type activities in his or her classroom to connect with the students who are
attracted to the OM environment. The teacher should use the knowledge that certain
personality types seem to find the OM environment, with or without the competition
aspect of the program, agreeable to their way of learning about and interacting with
the world.
Teachers should also be aware that participation in OM has benefits to students
that were not measured or analyzed by this study. OM not only provides an outlet for
creative and inventive expression but also enables young people to learn about
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cooperation, organizational skills, and group dynamics. Students get to travel,
sometimes very long distances if they qualify for state or national competitions. If they
go to these events, they have opportunities to make friends from other parts of this
country and even other countries from around the world. Students also get to make
things such as props, costumes, vehicles, model bridges or towers, and a host of other
physical artifacts. For some children this type of activity may be one of the best
opportunities they have to build the things that spring from their imagination.
The second purpose of the research was to provide data which could be used
toward further investigation of inventive characteristics and the programs that
encouraged their growth and development in students. This provided the launching
pad for investigating the topic of why some people are more inventive and creative
than others. However, both the literature review and the results of this research left the
question open as to what role personality type plays in making someone inventive and
creative. This unresolved aspect of the research provided a variety of avenues upon
which suggestions for further study were developed regarding the role of personality
type in creativity and inventiveness.
In conclusion, the results of this research are not necessarily a bad indicator of
the effects of participating in OM. The limitations of the research prevented making
any global statements as to the relationship between personality type development
and participation in OM. Furthermore, participation in OM was only one very small
component of the many factors that contributed toward the process of a young
person’s personality type development. Heredity, family environment, local community
environment, school environment, social groups, diet, the amount of play, the types of
entertainment and many other unknown variables all contribute toward the
development of a child’s personality type preference. Looking at OM participation in
this perspective refocused the significance of that one variable.
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Recommendations for Further Research
The limitations of the research, such as the overall percentage of student
participation and demographic homogeneity, prevented most results from having
definitive value. However, the data suggested that further research in the following
areas could provide more conclusive answers to the fundamental question of what
effect participation in OM has on the development of type preferences. Suggested
research questions included:
1)

Research on personality type development should be conducted on a
set group of students which would be then tracked over a multi-year
period.

2)

Research on the effects of OM participation toward personality type
development should be conducted using an experimental model that
would clearly show cause and effect.

3)

Research should be done on a larger OM population across a greater
age range to investigate population distributions for this group.

4)

Research should be done to determine if historical, cultural, and
economic forces result in the development of geographic pockets of
personality types.

5)

Research should be done to measure the development rate of type
preferences.

6)

Research should be done to measure the inventive propensities of young
people who participate in OM and other creative problem solving
activities.

7)

Research should be done to determine if structured programs, such as
OM, are equally inviting toward participation by young people with
introverted and extroverted personality types.

8)
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Research should be done to determine what effects competition has on
the problem solving strategies and values of young people involved in
programs such as OM.

9)

Research should be done to determine if the competition aspect of
programs, such as OM, attract participation by young people with certain
personality types.

10)

Research should be done to compare the effects of participation in OM
on the development of personality preferences at schools with nontraditional classroom and curriculum structures.
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Personality Types
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Brief Descriptions for Each of the 16 Personality Types
ISTJ: Serious, quiet, earn success by concentration and thoroughness. Practical, orderly,
matter-of-fact, logical, realistic and dependable. See to it that everything is well organized. Take
responsibility. Make up their own minds as to what should be accomplished and work toward it
steadily, regardless of protests or distractions.
ISFJ: Quiet, friendly, responsible and conscientious. Work devoted to meet their obligations.
Lend stability to any project or group. Thorough, painstaking, accurate. Their interests are
usually not technical. Can be patient with necessary details. Loyal, considerate, perceptive,
concerned with how other people feel.
INFJ: Succeed by perseverance, originality and desire to do whatever is needed or wanted.
Put their best efforts into their work. Quietly forceful, conscientious, concerned for others.
Respected for their firm principles. Likely to be honored and followed for their clear convictions as
to how best to serve the common good.
INTJ: Usually have original minds and great drive for their own ideas and purposes. In fields
that appeal to them, they have a fine power to organize a job and carry it through with or without
help. Skeptical, critical, independent, determined, sometimes stubborn. Must learn to yield less
important points in order to win the most important.
ISTP: Cool onlookers - quiet, reserved, observing and analyzing life with detached curiosity and
unexpected flashes of original humor. Usually interested in cause and effect, how and why
mechanical things work, and in organizing facts using logical principles.
ISFP: Retiring, quietly friendly, sensitive, kind, modest about their abilities. Shun disagreements,
do not force their opinions or values on others. Usually do not care to lead but are often loyal
followers. Often relaxed about getting things done, because they enjoy the present moment and
do not want to spoil it by undue haste or exertion.
INFP: Full of enthusiasms and loyalties, but seldom talk of these until they know you well. Care
about learning, ideas, languaged, and independent projects of their own. Tend to undertake too
much, then somehow get it done. Friendly, but often too absorbed in what they are doing to be
sociable. Little concern with possessions or physical surroundings.
INTP: Quiet and reserved. Especially enjoy theoretical or scientific pursuits. Like solving
problems with logic and analysis. Usually interested mainly in ideas, with little liking for parties or
small talk. Tend to have sharply defined interests. Need careers where some strong interest can
be used and useful.
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ESTP: Good at the on-the-spot problem solving. Do not worry, enjoy whatever comes along.
Tend to like mechanical things and sports, with friends on the side. Adaptable, tolerant, generally
conservative in values. Dislike long explanations. Are best with real things that can be worked,
handled, taken apart, or put together.
ESFP: Outgoing, easygoing, accepting friendly, enjoy everything and make things more fun for
others by their enjoyment. Like sports and making things happen. Know what’s going on and
join in eagerly. Find remembering facts easier than mastering theories. Are best in situations that
need sound common sense and practical ability with people as well as with things.
ENFP: Warmly enthusiastic, high-spirited, ingenious, imaginative. Able to do almost anything
that interests them. Quick with a solution for any difficulty and ready to help anyone with a
problem. Often rely on their ability to improvise instead of preparing in advance. Can usually
find compelling reasons for whatever they want.
ENTP: Quick, ingenious, good at many things. Stimulating company, alert and outspoken. May
argue for fun on either side of a question. Resourceful in solving new and challenging problems,
but may neglect routine assignments. Apt to turn to one new interest after another. Skillful in
finding logical reasons for what they want.
ESTJ: Practical, realistic, matter-of-fact, with a natural head for business or mechanics. Not
interested in subjects they see no use for, but can apply themselves when necessary. Like to
organize and run activities. May make good administrators, especially if they remember to
consider others’ feelings and points of view.
ESFJ: Warm hearted, talkative, popular, conscientious, born cooperators, active committee
members. Need harmony and may be good at creating it. Always doing something nice for
someone. Work best with encouragement and praise. Main interest is in things that directly and
visibly affect people’s lives.
ENFJ: Responsive and responsible. Generally feel real concern for what others think or want,
and try to handle things with due regard for the other persona’s feelings. Can present a proposal
or lead a group discussion with ease and tact. Sociable , popular, sympathetic. Responsive to
praise and criticism.
ENTJ: Hearty, frank, decisive, leaders in activities. Usually good in anything that requires
reasoning and intelligent talk, such as public speaking. Are usually well informed and enjoy
adding to their fund of knowledge. May sometimes appear more positive and confident than their
experience in an area warrants.

Chen, I. (1998, May 21). A brief summary of the of the different types of
personalities. http://sunsite.unc.edu/pub/academic/psychological
/alt.psychology.personality/type.info/summary.of.16.types.
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Appendix B
Murphy-Meisgeier Type Indicator for Children
Test Instrument
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Please Note:
Copyrighted materials in this document
have not been included at the request of
the author. This document is available through:
Consulting Psychologists Press
3803 E. Bayshore Road
Palo Alto, CA 94303
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Appendix C
A Teacher’s Guide to Type
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Please Note:
Copyrighted materials in this document
have not been included at the request of
the author. This document is available through:
Consulting Psychologists Press
3803 E. Bayshore Road
Palo Alto, CA 94303
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Appendix D
Parental Permission Form
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Appendix E
Demographic Profile Form
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Appendix F
Assent Form
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Appendix G
Letter of Introduction to the Study
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Appendix H
Table 3: Population Distributions
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Table 3.

Population Distributions

Type

Normal

Non-OM

OM

ISTJ

2.4

1

0

ISFJ

3.8

1

0

INFJ

1.4

0

3

INTJ

0.5

1

0

ISTP

4.2

8

3

ISFP

3.5

7

2

INFP

8.5

13

4

INTP

1.6

2

2

ESTP

4.2

10

0

ESFP

18.0

46

10

ENFP

24.1

92

26

ENTP

2.0

7

4

ESTJ

5.2

5

2

ESFJ

16.3

26

1

ENFJ

4.2

8

3

ENTJ
0.5
0
0
____________________________________________
Totals

100

227

60
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Appendix I
Table 4: Chi-Square Analysis of the Non-OM Student Population
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Table 4.

Type

Chi-Square Analysis of the Non-OM Student Population

Normal

Observed

Distribution

n

Expected

E2

n

ISTJ

2.4

1

5.448

3.6316

ISFJ

3.8

1

8.626

6.7419

INFJ

1.4

0

3.178

3.1780

INTJ

0.5

1

1.135

0.0161

ISTP

4.2

8

9.534

0.2468

ISFP

3.5

7

7.945

0.1124

INFP

8.5

13

19.295

2.0537

INTP

1.6

2

3.632

0.7333

ESTP

4.2

10

9.534

0.0228

ESFP

18.0

46

40.860

0.6466

ENFP

24.1

92

54.707

25.4221

ENTP

2.0

7

4.540

1.3330

ESTJ

5.2

5

11.804

3.9219

ESFJ

16.3

26

37.001

3.2708

ENFJ

4.2

8

9.534

0.2468

ENTJ

0.5

0

1.135

1.1350

Chi-Square Value= 52.713
• Chi-Square Value = 52.713

• Degrees of Freedom = 15

• Cumulative Value = 1

• P-Value = 1- Cumulative Value

• P-Value=0.000
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Appendix J
Table 5: Chi-Square Analysis of the OM Student Population
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Table 5.
Type

Chi-Square Analysis of the OM Student Population
Normal
Distribution

Observed

Expected

n

n

E2

ISTJ

2.4

0

1.44

0.64000

ISFJ

3.8

0

2.28

1.01333

INFJ

1.4

3

0.84

0.37333

INTJ

0.5

0

0.30

0.13333

ISTP

4.2

3

2.52

1.12000

ISFP

3.5

2

2.10

0.93333

INFP

8.5

4

5.10

2.26667

INTP

1.6

2

0.96

0.42667

ESTP

4.2

0

2.52

1.12000

ESFP

18.0

10

10.80

4.80000

ENFP

24.1

26

14.46

6.42667

ENTP

2.0

4

1.20

0.53333

ESTJ

5.2

2

3.12

1.38667

ESFJ

16.3

1

9.78

4.34667

ENFJ

4.2

3

2.52

1.12000

ENTJ

0.5

0

0.30

0.13333

Chi-Square Value =

26.773

• Chi-Square Value = 26.773

• Degrees of Freedom = 15

• Cumulative Value = 0.9694

• P-Value = 1- Cumulative Value

• P-Value = 0.0306
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Appendix K
Table 6: Chi-Square Analysis of the Non-OM / OM Student Populations
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Table 6. Chi-Square Analysis of the Non-OM / OM Student Populations
Type

Non-OM

OM

Expected

E2

n

n

n

ISTJ

1

0

0.2643

0.26432

ISFJ

1

0

0.2643

0.26432

INFJ

0

3

0.0000

INTJ

1

0

0.2643

0.26432

ISTP

8

3

2.1145

0.37079

ISFP

7

2

1.8502

0.01213

INFP

13

4

3.4361

0.09253

INTP

2

2

0.5286

4.09530

ESTP

10

0

2.6432

2.64317

ESFP

46

10

12.1586

0.38323

ENFP

92

26

24.3172

0.11646

ENTP

7

4

1.8502

2.49784

ESTJ

5

2

1.3216

0.34825

ESFJ

26

1

6.8722

5.01776

ENFJ

8

3

2.1145

0.37079

ENTJ

0

0

0.0000

*

*

Chi-Square Value = 16.741
• Chi-Square Value = 16.741

• Degrees of Freedom = 13

• Cumulative Value = 0.7886

• P-Value = 1- Cumulative Value

• P-Value = 0.2114
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Table 7: Means for Personality Preference Components
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Table 7.

Means for Personality Preference Components

Non-OM

OM

Non-OM

OM

E

45.0000

44.3333

E

44.4167

42.5714

N

70.7857

71.1667

N

73.5111

73.8571

F

74.9286

75.1667

F

74.9778

73.7679

J

61.2143

61.6667

P

77.7056

76.9107

Non-OM

OM

Non-OM

OM

E

45.1429

45.00

E

45.0000

45.0

N

71.2857

71.00

S

57.7037

65.0

T

58.7857

59.25

F

73.0307

72.0

P

78.2143

80.25

J

59.0000

65.0

Non-OM

OM

Non-OM

OM

E

44.6818

43.4615

E

41.4

42.5

S

59.2955

57.6154

S

57.8

52.5

F

73.0455

74.9231

T

57.5

56.5

P

74.8977

79.7308

J

55.4

57.5

I

Non-OM
56.9615

OM
61.5

I

Non-OM
54.00

OM
61.0

N

76.8846

78.0

N

70.25

81.0

F

73.8462

71.0

T

59.50

56.0

P

76.4615

75.5

P

73.25

76.5

Non-OM

OM

Non-OM

OM

I

58.4286

57.0

I

58.8571

54.500

S

57.1429

61.5

S

61.7857

58.500

F

70.1429

70.5

T

59.0714

56.125

P

73.5714

83.0

P

79.4286

73.375
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Appendix M
Table 8: ANOVA Tables for Non-OM / OM Population Comparisons
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Table 8.

ANOVA Tables for Non-OM / OM Population Comparisons

Extrovert - “E”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

0.64

0.64

0.38

0.550

ERROR

10

16.73

1.67

TOTAL

11

17.38

Introvert - “I”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

4.14

4.14

0.52

0.499

ERROR

6

47.98

8.00

TOTAL

7

52.11

Sensing - “S”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

0.2

0.2

0.02

0.905

ERROR

8

100.8

12.6

TOTAL

9

100.9

Intuitive - “N”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

12.8

12.8

0.89

0.374

ERROR

8

115.5

14.4

TOTAL

9

128.3
(table continues)
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Table 8 (continued)
Thinking - “T”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

6.09

6.09

3.93

0.095

ERROR

6

9.30

1.55

TOTAL

7

15.39

Feeling - “F”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

1.09

1.09

0.27

0.615

ERROR

10

40.64

4.06

TOTAL

11

41.74

Judging - “J”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

12.2

12.2

1.07

0.359

ERROR

4

45.5

11.4

TOTAL

5

57.7

Perceiving - “P”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

22.90

22.90

3.29

0.100

ERROR

10

69.70

6.97

TOTAL

11

92.59
(table continues)
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Table 8. (continued)
• DF = Degrees of Freedom

• SS = Sums of Squares

• MS = Mean Squares

• F = F Statistic

• p = P-Value
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Appendix N
Table 9: Type Count By Grade Level
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Table 10.

Type Count by Grade Level

Type

Grade 3

Grade 4

Grade 5

Total

INFJ

1

1

1

3

ISTP

0

2

1

3

ISFP

1

1

0

2

INFP

1

0

3

4

INTP

0

0

2

2

ESFP

2

2

6

10

ENFP

4

11

11

26

ENTP

0

2

2

4

ESTJ

0

1

1

2

ESFJ

1

0

0

1

ENFJ

2

1

0

3
Total 60

143

Appendix O
Table 10: Means for Personality Preference Components
By Grade Level
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Table 10.

Means for Personality Preference Components by Grade Level

E3

E4

E5

44.0000

45.0000

42.5000

40.7500

43.2500

42.5000

45.0000

47.5000

43.4286

46.3333

40.6667

40.0000

45.0000
I3

I4

I5

54.0

53.0000

64.0

61.0

54.6667

61.0

57.0

56.0000

54.0
55.0

S3

S4

S5

65.0

58.5000

57.7143

56.5

57.0000

48.0000

63.0

60.0000

56.0000

59.3333
N3

N4

N5

72.25

69.0000

76.0833

68.75

73.3333

69.0000

82.00

73.0000

76.6667

71.00

75.0000

81.0000
68.0000

(table continues)
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Table 10. Means for Personality Preference Components by Grade Level (continued)

T3

T4

T5

59.0000

59.5

62.0000

51.0

55.3333

56.0
58.5

F3

F4

F5

77.250

71.0000

73.9583

74.875

73.2083

75.5714

72.000

76.3333

67.0000

72.000

71.0000

76.0000

83.000

81.0000

70.000
71.500
J3

J4

J5

61.5

62.0

51.0

65.0

64.0

65.0

57.0

65.0

P3

P4

P5

76.25

76.7917

77.2500

78.00

79.0000

81.5000

74.00

79.3333

80.6427

78.00

88.0000

76.0000

72.5000

76.5000
76.0000
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Appendix P
Table 11: ANOVA Tables for OM Grade Level Comparisons
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Table 11.

ANOVA Tables for OM Grade Level Comparisons

Extrovert - “E”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

11.90

5.95

1.21

0.337

ERROR

10

49.02

4.90

TOTAL

12

60.92

Introvert - “I”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

27.2

13.6

0.97

0.424

ERROR

7

98.2

14.0

TOTAL

9

125.4

Sensing - “S”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

89.0

44.5

3.17

0.105

ERROR

7

98.3

14.0

TOTAL

9

187.2

Intuition - “N”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

5.5

2.7

0.11

0.895

ERROR

10

243.4

24.3

TOTAL

9

248.8
(table continues)
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Table 11.

ANOVA Tables for OM Grade Level Comparisons (continued)

Thinking - “T”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

1

11.0

11.0

0.84

0.403

ERROR

5

65.5

13.1

TOTAL

6

76.5

Feeling - “F”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

5.1

2.6

0.14

0.875

ERROR

13

245.8

18.9

TOTAL

15

250.9

Judging - “J”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

38.6

19.3

0.72

0.533

ERROR

5

134.8

27.0

TOTAL

7

173.5

Perceiving - “P”
ANALYSIS OF VARIANCE
SOURCE

DF

SS

MS

F

p

FACTOR

2

14.6

7.3

0.52

0.608

ERROR

12

169.0

14.1

TOTAL

14

183.6
(table continues)
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Table 11.

ANOVA Tables for OM Grade Level Comparisons (continued)

• DF = Degrees of Freedom

• SS = Sums of Squares

• MS = Mean Squares

• F = F Statistic

• p = P-Value
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